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Dark Matter - direct search with BULLKID-DM
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BULLKID 
prototype

BULLKID-DM 
demonstrator BULLKID-DM

mass 20 g 60 g 800 g
# of sensors 60 180 2300

threshold 160 eV 200 eV ≤ 200 eV
laboratory Sapienza U. Sapienza LNGS LNGS
installation 2023 2024 2026 2027

bkg (c/keV kg d) 2x106 < 105 1 - 0.01
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Path

3

2023 2024 2025 2026 2027

Prototype 
works

demonstrator 
(3 wafer)

full detector at 
Sapienza

installation 
at LNGS

demonstrator 
at LNGS

CDR approved by INFN  
Demonstrator approved by LNGS

TDRLoI to INFN 
and LNGS

demonstrator 
at Sapienza

Decision on 
veto

Cryostat at 
LNGS
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Plan
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Required for TDR

Required for experiment 2024 2025 2026 2027

# WP II I II I II I II

1.1 Stack M1.1
 4” test

M1.2
final assembly

M1.3
baseline ready

D1.1
comm at RM1

Payload 
 (stack + cryogenic 

shield or veto) 
installation 

and
commissioning

1.2 Demonstrator M1.4
< 105 DRU @ RM1

M1.5
Tech. run @LNGS

1.3 Thr. R&D M1.6
New sensors

1.4 R&D 
Germanium

M1.7
Diced wafer

2 Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

design
Bkg model

3 Materials M3.1
BOM and plan

M3.2
Validated

4 Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of demo

M4.3 Readout of 
145 KIDs

D4.1 Full stack 
16x145

5 RM1 Cryo M5.1 Delivery D5.1 Ready

6 LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

D6.1 Comm. with 
ext. shields

7 Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready M7.4 shield / 

veto selection

D7.1
Cryo shield 

ready7.1 R&D  
Cryo veto

M7.3 single 
module 

demonstration

8 Calibration M8.1 PoC D8.1 Ready

9 Computing D9.1 Ready

10 Data analysis D10.1 Ready

BULLKID-DM
Conceptual Design Report (CDR)

L. Ardila-Perez1, P. Azzurri2, L. Bandiera3, M. Calvo4, M. Cappelli8,6,
R. Caravita5, F. Carillo2, U. Chowdhury4, A. Cruciani6, A. D’Addabbo7,
D. Delicato4,8,6, G. Del Castello8,6, M. del Gallo Roccagiovine8,6, M. de

Lucia9,2, F. Ferraro7, M. Folcarelli8,6, R. Gartmann1, M. Grassi2,
V. Guidi10,3, T. Lari9,2, L. Malagutti3, A. Mazzolari10,3, A. Monfardini4,
T. Muscheid1, D. Nicoló9,2, F. Paolucci2, D. Pasciuto6, V. Pettinacci6,

C. Puglia2, C. Roda9,2, S. Roddaro2, M. Romagnoni3, O. Sander1,
G. Signorelli9,2, F. Simon1, M. Tamisari11,3, A. Tartari2,

E. Vázquez-Jáuregui12, and M. Vignati8,6

1Karlsruhe Institute of Technology �KIT�, Institute for Data Processing and Electronics �IPE�,
Hermann-von-Helmholtz-Platz �, ����� Eggenstein-Leopoldshafen, Germany

2INFN - Sezione di Pisa Largo Bruno Pontecorvo �, ����� Pisa, Italy
3INFN - Sezione di Ferrara Via Saragat �, �����, Ferrara, Italy

4Univ. Grenoble Alpes, CNRS, Grenoble INP Institut Néel, ����� Grenoble, France
5INFN - TIFPA Via Sommarive ��, ����� Povo �Trento�, Italy

6INFN - Sezione di Roma Piazzale Aldo Moro �, �����, Roma, Italy
7INFN - Laboratori Nazionali del Gran Sasso, I-����� Assergi �AQ�, Italy

8Dipartimento di Fisica, Sapienza Università di Roma, Piazzale Aldo Moro �, �����, Roma, Italy
9Dipartimento di Fisica, Università di Pisa, Largo Bruno Pontecorvo �, ����� Pisa, Italy

10Dipartimento di Fisica e Scienze della Terra, c Via Saragat �, �����, Ferrara, Italy
11Dipartimento di Neuroscienze e Riabilitazione, Università di Ferrara, Via Luigi Borsari ��,

����� Ferrara, Italy
12Instituto de Fı́sica, Universidad Nacional Autónoma de México, A.P. ��-���, Ciudad de México

�����, México.
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Stack 

5

Scalability for the 100mm mask: thick wafer

15

Pixels: 134 out of 145
Median Q: 185k

Scalability for the 100mm mask: thick wafer

14

Temporary holder, still a work in 
progress, dicing will be tested soon

145 KID array test on thin (0.3 mm) 100mm wafer 
successful (new matrix designs ongoing)

Wafers started 
production

2024 2025

WP II I II

Stack M1.1
 4” test

M1.2
final assembly

Demonstrator M1.4
< 105 DRU @ RM1

Thr. R&D M1.6
New sensors

R&D 
Germanium

M1.7
Diced wafer

Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

design
Materials M3.1

BOM and plan
M3.2

Validated

Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of 

demo
RM1 Cryo M5.1 Delivery D5.1 Ready

LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready

R&D  
Cryo veto

M7.3 single 
module 

demonstration
Calibration M8.1 PoC

Computing

Data analysis

M. Cappelli

D. Pasciuto

3-6 months delay, but 6 m. buffer

Assembly produced

Above ground background measurement with mild shieldGiorgio Del Castello 20

BULLKID-DM Phases

Demonstrator 3x3’’ wafer 100mm prototype 100mm assembly
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Demonstrator
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1st version built: issue in wafer/KID uniformity

2nd version in production:  

1 wafer done 3 ready for lithography 


Results with lead case and shield presented at conferences


2024 2025

WP II I II

Stack M1.1
 4” test

M1.2
final assembly

Demonstrator M1.4
< 105 DRU @ RM1

Thr. R&D M1.6
New sensors

R&D 
Germanium

M1.7
Diced wafer

Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

design
Materials M3.1

BOM and plan
M3.2

Validated

Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of 

demo
RM1 Cryo M5.1 Delivery D5.1 Ready

LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready

R&D  
Cryo veto

M7.3 single 
module 

demonstration
Calibration M8.1 PoC

Computing

Data analysis

slowed but on schedule

D. Delicato

L. Malagutti
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KID threshold R&D (optional)
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4.2 Simulating the circuit 68

Figure 4.13. All designs that were produced for testing, odd numbers indicate the
Traditional design and even numbers the Comb design, some designs are the same but
with no funnels and the "b" subscript indicated designs that use 10 µm widths for the
funnels and the sensor.

4.1 Design parameters 56

Figure 4.1. Side view of the funnel design, with some relevant fixed dimensions and
terminology, seeing as the Tantalum is deposited upon the (Aluminium) sensor there is
an small overlap region where proximity e�ects might improve resolution.

Figure 4.2. Top view of the funnel design, with some relevant fixed dimensions and
terminology, the funnels are placed every other sensor square to maximise the overall
kinetic inductance, due to Tantalum’s low kinetic inductance.

1. Quasiparticle funnels: increase qp density in inductor

2. Replace Aluminum with Al-Ti-Al (5x inductance)

In KID light detectors lowers threshold by 2x  
(CALDER experience)

Application in BULLKID delayed: priority to 
demonstrator

funnels
no-funnels

L. Pesce

2024 2025

WP II I II

Stack M1.1
 4” test

M1.2
final assembly

Demonstrator M1.4
< 105 DRU @ RM1

Thr. R&D M1.6
New sensors

R&D 
Germanium

M1.7
Diced wafer

Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

design
Materials M3.1

BOM and plan
M3.2

Validated

Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of 

demo
RM1 Cryo M5.1 Delivery D5.1 Ready

LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready

R&D  
Cryo veto

M7.3 single 
module 

demonstration
Calibration M8.1 PoC

Computing

Data analysis
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Germanium R&D (optional)
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Alternate target for DM, better target for neutrinos than Silicon

✓ First working detectors.

✓ Same electrical and phonon properties of Si.

➡ Ready to move to thick substrates

2024 2025

WP II I II

Stack M1.1
 4” test

M1.2
final assembly

Demonstrator M1.4
< 105 DRU @ RM1

Thr. R&D M1.6
New sensors

R&D 
Germanium

M1.7
Diced wafer

Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

design
Materials M3.1

BOM and plan
M3.2

Validated

Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of 

demo
RM1 Cryo M5.1 Delivery D5.1 Ready

LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready

R&D  
Cryo veto

M7.3 single 
module 

demonstration
Calibration M8.1 PoC

Computing

Data analysis

• 9  wafers 3”x 5 mm available in Ferrara: 2 have 
being diced.


• TBD: Baking in an oven (Quartz, T > 1000 ℃, 
Diameter > 3”, Ultra High Vacuum) -> at MPP?


• TBD: Lithography and test in the standard 
BULLKID setup.
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FIG. 2. (a) Amplitude of the transmission S21 of the array
as a function of the readout frequency. The three minima
correspond to the resonant frequency of each KID. The feature
at 750 MHz is interference introduced by the local oscillator of
the readout board (LO). (b) Fit of the complex S21 parameter
of KID-1 to estimate the quality factors and the resonant
frequency. (c) Phase pulse recorded by KID-1 after an energy
deposition of approximately 20 keV induced by firing a LED
pulse on the side opposite to the KIDs. The rise and decay
times are 60 µs and 120 µs, respectively.

f0 [MHz] Q [k] Qc [k] Qi [M]
KID-1 748.1 167 184 1.82
KID-2 769.3 114 120 2.24
KID-3 793.9 127 132 3.03
CALDER-17 2644 147 156 > 2

TABLE I. Results of the fit for Eq. 1 of the data acquired
from the frequency scan of the array. Data from a single KID
on a silicon substrate are reported for comparison32.

alytical expression31

S21(f) = 1→ Q

Qc

1

1 + j2Q f→f0
f0

(1)

where f0 is the resonant frequency, Q = (1/Qc+1/Qi)→1

is the total quality factor, Qc is the coupling quality fac-
tor representing the coupling with the feedline and Qi is
the internal quality factor representing internal losses.

The fit to Eq. 1 to the S21 data of KID-1 is shown in
Fig. 2 (b), while a summary of the parameters of the
whole array is reported in Tab. I. Since Qi ↑ Qc the
value of the total quality factor Q in the current config-
uration is dominated by Qc: the measured value from
Table I is in the range Q = (114 k → 167 k), in line with
the design value of 160 k. The table also also reports the

resonance parameters of a similar KID deposited on a
silicon substrate (CALDER-17)32. Despite the di!erent
resonant frequency, which depends on the layout of the
resonator, the quality factors are comparable.

In order to test the response of the array with respect
to energy depositions, each KID is biased with an in-
dependent RF wave centered at the resonant frequency.
After an energy deposition E in the substrate phonons
propagate until they reach the KIDs and break Cooper
pairs. The change in Cooper pair density is detected
by monitoring the variation of magnitude and phase of
S21(f0) as a function of time. The phase readout usu-
ally provides a better signal to noise ratio31 and for this
reason we restrict the analysis to it.

The model of the phase response reads33:

dω

dE
= ε · ϑS2(f0, T0)Q

N0!2
0V

(2)

where N0 = 1.72 · 1010eV →1µ m→3 is the single spin den-
sity of states in aluminium, V = 4 mm2 ↓ 60 nm is the
inductor volume, S2(f0, T ) = 3.4 is a dimensionless fac-
tor given by the Mattis–Bardeen theory related the imag-
inary part of the conductivity31 and ε is the energy to
quasi-particle signal conversion e"ciency. The ratio of ki-
netic inductance over total inductance ϑ = (4.7± 0.1)%
and the superconductor gap !0 = 189 ± 1 µeV are es-
timated from the frequency shift of the resonators with
respect to temperature34.

The impulse response of each KID has been character-
ized as a function of the readout power by firing pulses
from the LED lamp at constant energy32. The pulses
are processed o#ine with a matched filter in order to
maximize the energy resolution35. The readout power
optimizing the signal to noise ratio is -64 dBm at each
KID.

Figure 2 (c) shows a sample pulse corresponding to
an energy deposition in the substrate of approximately
20 keV, as recorded by KID-1. The rise time amounts
to ↔ 60 µs, does not change with the temperature of the
array and is comparable to the ring time of KID-1 ϖr =
Q/ (ϱf0) ↗ 70 µs. The decay time amounts to 120±3 µs
and varies with the temperature, allowing to identify it
as dominated by the quasi-particle recombination time
ϖqp36.

The estimation of the responsivity dω/dE follows the
procedure validated against a 6 keV X-ray source in
Ref.27 and employed in Refs.16,37,38. The mean response
of the detector to the absorption into the substrate of
N photons can be written as µ = dω/dE · ςN where
ς = 3.1 eV is the energy of a single 400 nm photon. The
variance of the response is the sum of the variance of the
noise φ2

0 and the Poisson’s variance:

φ2(µ) = φ2
0 +

dω

dE
· ςµ (3)

The energy calibration is performed by sending bursts
of photons and evaluating φ2 for di!erent values of µ.

D. Delicato et al, 
Appl.Phys.Lett. 126 
(2025) 153502

https://arxiv.org/abs/2412.07379
https://arxiv.org/abs/2412.07379
https://arxiv.org/abs/2412.07379
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Simulations and Materials
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Simulations: 

✓ preliminary design of the experiment in the 

CDR

✓ defined a configuration for the shield and 

proposed to LNGS

✓ Ongoing comparison with low-bkg 

demonstrator at Sapienza

Bill of materials and plan: 

Copper/lead assay at LNGS

2024 2025

WP II I II

Stack M1.1
 4” test

M1.2
final assembly

Demonstrator M1.4
< 105 DRU @ RM1

Thr. R&D M1.6
New sensors

R&D 
Germanium

M1.7
Diced wafer

Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

design

Materials M3.1
BOM and plan

M3.2
Validated

Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of 

RM1 Cryo M5.1 Delivery D5.1 Ready

LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready

R&D  
Cryo veto

M7.3 single 
module 

demonstration
Calibration M8.1 PoC

Computing

Data analysis

A. Acevedo

!

on schedule
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Electronics
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Board + 1st BULLKID customised interface tested in April 2024


Board + 2nd BULLKID customised interface +  
firmware upgrade tested in Rome in Spring.

Noise to be understood, trigger to be implemented


T. Muscheid

2024 2025

WP II I II

Stack M1.1
 4” test

M1.2
final assembly

Demonstrator M1.4
< 105 DRU @ RM1

Thr. R&D M1.6
New sensors

R&D 
Germanium

M1.7
Diced wafer

Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

designMaterials M3.1
BOM and plan

M3.2
Validated

Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of 

demo

RM1 Cryo M5.1 Delivery D5.1 Ready

LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready

R&D  
Cryo veto

M7.3 single 
module 

demonstration
Calibration M8.1 PoC

Computing

Data analysis

3-6 months delay, but 6 m. buffer
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Cryostat at Sapienza
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✓ Delivery in September

- Lab starting renovation today

2024 2025

WP II I II

Stack M1.1
 4” test

M1.2
final assembly

Demonstrator M1.4
< 105 DRU @ RM1

Thr. R&D M1.6
New sensors

R&D 
Germanium

M1.7
Diced wafer

Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

design
Materials M3.1

BOM and plan
M3.2

Validated

Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of 

demo
RM1 Cryo M5.1 Delivery D5.1 Ready

LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready

R&D  
Cryo veto

M7.3 single 
module 

demonstration
Calibration M8.1 PoC

Computing

Data analysis

on schedule (almost)
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Cryostat at Gran Sasso

12

Cryostat on schedule

Drawings of ext. shield 
delayed

2024 2025

WP II I II

Stack M1.1
 4” test

M1.2
final assembly

Demonstrator M1.4
< 105 DRU @ RM1

Thr. R&D M1.6
New sensors

R&D 
Germanium

M1.7
Diced wafer

Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

design
Materials M3.1

BOM and plan
M3.2

Validated

Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of 

demo
RM1 Cryo M5.1 Delivery D5.1 Ready

LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready

R&D  
Cryo veto

M7.3 single 
module 

demonstration
Calibration M8.1 PoC

Computing

Data analysis

A. D’Addabbo

Cryo-P area: early 2025

Cryostat installation this month

Design of shield ongoing.

Funds for shielding secured?

Oxford cryostat

“Small” or “Oxford” cryostat: 

• by Oxford Instruments 
• 36 cm diameter x 40-50 cm height 
• one PT425-RM by Cryomech 
• >10 µW @ 20 mK 
• base T ≤ 10 mK 
• < 10 days to base T 
• suitable for 3-6 months runs 
• expected delivery: Nov 2024 - Mar 2025 
• expected commissioning: mid 2025 
• (2025->…) opened to scientific community

Specials: 

• ≥220 kg mass at base T 
• secondary insert 
• 12 T magnet 
• sample loader
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Cryogenic shield
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I am the cryo 
shield

✓ Actual project related to the outcome of simulations

✓ First design produced

✓ Possible Copper suppliers identified. 

✓ Sample testing at LNGS ongoing

2024 2025

WP II I II

Stack M1.1
 4” test

M1.2
final assembly

Demonstrator M1.4
< 105 DRU @ RM1

Thr. R&D M1.6
New sensors

R&D 
Germanium

M1.7
Diced wafer

Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

design
Materials M3.1

BOM and plan
M3.2

Validated

Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of 

demo
RM1 Cryo M5.1 Delivery D5.1 Ready

LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready

R&D  
Cryo veto

M7.3 single 
module 

demonstration
Calibration M8.1 PoC

Computing

Data analysis

on schedule
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Cryogenic veto R&D
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1st test in Rome completed with BGO, 100 keV threshold


Sapienza | Matteo del Gallo Roccagiovine

Setup

8

50mm×50mm

3in×3in

 
 137Cs calibration 

2024 2025

WP II I II

Stack M1.1
 4” test

M1.2
final assembly

Demonstrator M1.4
< 105 DRU @ RM1

Thr. R&D M1.6
New sensors

R&D 
Germanium

M1.7
Diced wafer

Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

design
Materials M3.1

BOM and plan
M3.2

Validated

Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of 

demo
RM1 Cryo M5.1 Delivery D5.1 Ready

LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready

R&D  
Cryo veto

M7.3 single 
module 

demonstration

Calibration M8.1 PoC

Computing

Data analysis

M. del Gallo

M. de Lucia

Milestone approaching

5

Set Up: 
• Detector blind and thermalized on 

the main copper support 
• A RuOx 10K thermometer is in 

contact with the GAGG crystal 
• The thermometer is fixed on a Cu 

support attached to GAGG crystal 
using GE varnish glue.

Cooldown #3: 

Goals: 
• Verify GAGG thermalization: 
• Verify that the detector is still 

working

R&D continues in Pisa with GAGG / GSO

T. Lari
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Calibration
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60 keV γ-ray from 241Am proved 
X-rays from Lead case observed 

X-rays from Cu shield and Si stack?

2024 2025

WP II I II

Stack M1.1
 4” test

M1.2
final assembly

Demonstrator M1.4
< 105 DRU @ RM1

Thr. R&D M1.6
New sensors

R&D 
Germanium

M1.7
Diced wafer

Simulations
M2.1

Preliminary shield 
design

M2.2
Final shield 

design
Materials M3.1

BOM and plan
M3.2

Validated

Ele/DAQ M4.1 Readout of 
60 KIDs

M4.2 Full 
readout of 

demo
RM1 Cryo M5.1 Delivery D5.1 Ready

LNGS Cryo M6.1 Drawings of 
ext. lead shields

M6.2 Comm. 
without shields

M6.3 Delivery of 
ext. shielding

Cryo shield M7.1 Preliminary 
project

M7.2 Cu shield 
ready

R&D  
Cryo veto

M7.3 single 
module 

demonstration
Calibration M8.1 PoC

Computing

Data analysis

Autocalibration with response 
function

!Not clear yet how we will proceed 
192Ir wires?

M. Folcarelli

Milestone will not be met?

D. Quaranta

D. Nicoló

Above ground background measurement with mild shieldGiorgio Del Castello 11
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simulations

High Energy Spectrum and Simulaon Comparison

 Visible Pb X-rays well reconstructed (under 10% discrepancy) with LED calibraon
 Pb X-rays at 10 keV not well reproduced by simulaons (resoluon not applied)
 Overall behavior of background fairly well reproduced (analysis being perfected above 20 keV)
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Comupting and analysis 
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No hurry, but we need to start putting our mind on it 
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Misc
• WP regular meetings to be started


• Collaboration paper derived from CDR (experimental setup, simulations and sensitivity)


• Website and wiki 


• Next meeting in January 2026? Grenoble-KIT-LNGS?
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