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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
laboratory Sapienza U. |Sapienza| LNGS LNGS
installation 2023 2024 2026 2027
bkg (c/keV kg d) 2x106 < 10° 1-0.01
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Path

Prototype demonstrator demonstrator Cryostat at demonstrator  full detector at installation
works (3 wafer) at Sapienza LNGS at LNGS Sapienza at LNGS

Lol to INFN CDR approved by INFN TDR
and LNGS Demonstrator approved by LNGS DeC'S':)” on
veto
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Plan

BULLKID-DM
Conceptual Design Report (CDR)
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Required for experiment

2024

2025

2026

2027

# WP | I | I | I |
M1.1 M1.3 D1.1
1.1 Stack 4” test baseline ready | comm at RM1
M1.4
1.2 Demonstrator | _ . ;o) @ RV
M1.6
1.3| Thr. R&D NeW SEnSors
14 R&D M1.7
) Germanium Diced wafer
M2.1
2| Simulations | Preliminary shield Bkg model
design
i M3.1
3| Materials BOM and plan
M4.1 Readout of D4.1 Full stack Payload
4 Ele/DAQ 60 KIDs 16145 (stack + cryogenic
shield or veto)
installation
5/ RM1 Cryo M5.1 Delivery D5.1 Ready and
commissioning
M6.1 Drawings of M6.3 Delivery of |D6.1 Comm. with
6/ LNGS Cryo ext. lead shields ext. shielding ext. shields
i M7.1 Preliminary
7| Cryo shield project D7.1
R&D M7.3 single Cry;ce)asgleld
7.1 C t module y
ryo veto demonstration
8| Calibration D8.1 Ready
9| Computing D9.1 Ready
10| Data analysis D10.1 Ready




Stack

2024 2025
WP | I |
M1.1 M1.2
Stack 4” test final assembly
M1.4
Demonstrator|_ . ;o= @ By
Thr. R&D o LS
ew Sensors
R&D M1.7
Germanium Diced wafer
] ] M2.1 M2.2
Simulations | prgjiminary shield Final shield
i M3.1 M3.2
Materials BOM and plan Validated
M4.1 Readout of M4.2 Full
Ele/DAQ 60 KIDs readout of
RM1 Cryo M5.1 Delivery D5.1 Ready
M6.1 Drawings of | M6.2 Comm. |M6.3 Delivery of
LNGS Cryo ext. lead shields | without shields | ext. shielding
i : imi M7.2 hiel
Cryo shield M7.1 Prgllmlnary Cu shield
project ready
R&D M7.3 single
Cryo veto module
Calibration M8.1 PoC
Computing

Data analysis

BT ] 56 months delay, but 6 m. bufte

145 KID array test on thin (0.3 mm) 100mm wafer
successful (hew matrix designs ongoing) EM' Cappell

g — Sr——.

Wafers started
production
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Pixels: 134 out of 145
Median Q: 185k

0.70 0.75 0.80 0.85 0.90
Frequency [GHZz]

Assembly produced
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Demonstrator

2024 2025
WP | I |
M1.1 M1.2
Stack 4” test final assembly
M1.4
Demonstrator|_ . ;o= @ By
M1.6
Thr. R&D New sensors
R&D M1.7
Germanium Diced wafer
] ] M2.1 M2.2
Simulations | prgjiminary shield Final shield
i M3.1 M3.2
Materials BOM and plan Validated
M4.1 Readout of M4.2 Full
Ele/DAQ 60 KIDs readout of
RM1 Cryo M5.1 Delivery D5.1 Ready
M6.1 Drawings of | M6.2 Comm. |M6.3 Delivery of
LNGS Cryo ext. lead shields | without shields | ext. shielding
. M7.1 Preliminary | M7.2 Cu shield
Cryo shield project ready
R&D M7.3 single
Cryo veto module
Calibration M8.1 PoC
Computing

Data analysis

1stversion built: issue in wafer/KID uniformity
2nd yersion in production:
1 wafer done 3 ready for lithography

Results with lead case and shield presented at conferences

E D. Delicato
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KID threshold R&D (optional)

2024 2025
WP I ! |
M1.1
M1.4
Demonstrator|_ . ;o= @ By
M1.6
Thr. R&D New sensors
R&D M1.7
Germanium Diced wafer
_ _ M2.1
Simulations | prejiminary shield
] M3.1
Materials BOM and plan
M4.1 Readout of
Ele/DAQ 60 KIDs
RM1 Cryo M5.1 Delivery D5.1 Ready
M6.1 Drawings of M6.3 Delivery of
LNGS Cryo | .t lead shields ext. shielding
i M7.1 Preliminary
Cryo shield oroject
R&D M7.3 single
Cryo veto module
Calibration
Computing

Data analysis

S|

1. Quasiparticle funnels: increase gp 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
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Germanium R&D (optional)

2024 2025
WP | | I
M1.1
M1.4
Demonstrator|_ . ;o= @ By
M1.6
Thr. R&D New sensors
R&D M1.7
Germanium Diced wafer
_ _ M2.1
Simulations Preliminary shield
. M3.1
Materials BOM and plan
M4.1 Readout of
Ele/DAQ 60 KIDs
RM1 Cryo M5.1 Delivery D5.1 Ready
M6.1 Drawings of M6.3 Delivery of
LNGS Cryo | ;i icad shields ext. shielding
i M7.1 Preliminary
Cryo shield oroject
R&D M7.3 single
Cryo veto module
Calibration
Computing

Data analysis

|

Alternate target for DM, better target for neutrinos than Silicon

v First working detectors.
v Same electrical and phonon properties of Si.
= Ready to move to thick substrates

|
A [mrad]

- ©) D. Delicato et al,
Appl.Phys.Lett. 126
(2025) 153502
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« 9 wafers 3”x 5 mm available in Ferrara: 2 have
being diced.

- TBD: Baking in an oven (Quartz, T > 1000 °C,
Diameter > 3”7, Ultra High Vacuum) -> at MPP?

- TBD: Lithography and test in the standard
BULLKID setup. BULLKID / Vignati - 8



https://arxiv.org/abs/2412.07379
https://arxiv.org/abs/2412.07379
https://arxiv.org/abs/2412.07379

Simulations and Materials BRI | onschedue

2024 2025
WP Il ! Il
M1.1
Stack 4” test
M1.4
Demonstrator|_ ..oy @ rRv1
Thr. R&D o 1S
ew Sensors
R&D M1.7
- = DicraAdA wwinfar
M2.1
Simulations | Preliminary shield
design
i M3.1
Materials BOM and plan
Ele/DAQ M4.1 Readout of
N KN
RM1 Cryo M5.1 Delivery D5.1 Ready
M6.1 Drawings of M6.3 Delivery of
LNGS Cryo ext. lead shields ext. shielding
. M7.1 Preliminary
Cryo shield oroject
R&D M7.3 single
Cryo veto module
Calibration
Computing

Data analysis

Simulations:

v preliminary design of the experiment in the

CDR

v defined a configuration for the shield and

proposed to LNGS

v' Ongoing comparison with low-bkg

demonstrator at Sapienza

E A. Acevedo

Bill of materials and plan:
Copper/lead assay at LNGS

A
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Electronics

2024 2025
WP Il | Il
M1.1
Stack 47 test
M1.4
Demonstrator| _ .. - @ gy
M1.6
Thr. R&D New sensors
R&D M1.7
Germanium Diced wafer
] ] M2.1
Simulations | pgjiminary shield
Materials |  Ms.1
M4.1 Readout of
Ele/DAQ 60 KIDs
RM1 Cryo M5.1 Delivery D5.1 Ready
M6.1 Drawings of M6.3 Delivery of
LNGS Cryo ext. lead shields ext. shielding
- M7.1 Preliminary
Cryo shield oroject
R&D M7.3 single
Cryo veto module
Calibration
Computing

Data analysis

]|

3-6 months delay, but 6 m. buffer

Board + 1st BULLKID customised interface tested in April 2024

0.04 0.06 0.08 0.10

time [s]

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

Noise to be understood, trigger to be implemented

E T. Muscheid
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Cryostat at Sapienza BN |  onschedue @mosy

2024 2025
WP Il I Il
M1.1 M1.2
Stack 4” test final assembly
M1.4
Demonstrator|_ . ;o= @ By
M1.6
Thr. R&D New sensors
R&D M1.7
Germanium Diced wafer
] ] M2.1 M2.2
Simulations | prgjiminary shield Final shield
i M3.1 M3.2
Materials BOM and plan Validated . .
M4.1 Readout of M4.2 Full v Dellvery IN Septem ber
Ele/DA
e/DAQ 60 KIDs readout of _ _
| - Lab starting renovation today
RM1 Cryo M5.1 Delivery D5.1 Ready R = —
g : ;
LNGS Crvo M6.1 Drawings of | M6.2 Comm. |M6.3 Delivery of : I
ry ext. lead shields | without shields | ext. shielding 5
. M7.1 Preliminary | M7.2 Cu shield
Cryo shield oroject ready =1 : D
R&D M7.3 single N HEH
Cryo veto module
Calibration M8.1 PoC =
Computing
Data analysis cassettiera : '
: BULLKID / Vignati -11




Cryostat at Gran Sasso T |

2024 2025
WP I ! |
M1.1
M1.4
Demonstrator|_ . ;o= @ By
M1.6
Thr. R&D New sensors
R&D M1.7
Germanium Diced wafer
_ _ M2.1
Simulations | prejiminary shield
] M3.1
Materials BOM and plan
M4.1 Readout of
Ele/DAQ 60 KIDs
RM1 Cryo M5.1 Delivery D5.1 Ready
M6.1 Drawings of M6.3 Delivery of
LNGS Cryo | .t lead shields ext. shielding
i M7.1 Preliminary
Cryo shield oroject
R&D M7.3 single
Cryo veto module
Calibration
Computing

Data analysis

Cryostat installation this month
Design of shield ongoing.

Funds for shielding secured?

Cryostat on schedule

Drawings of ext. shield
delayed

[l NI
R 1]
s ado g - G

[___1 A p'Addabbo
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Cryogenic shield

2024 2025
WP I ! |
M1.1
M1.4
Demonstrator|_ . ;o= @ By
M1.6
Thr. R&D New sensors
R&D M1.7
Germanium Diced wafer
_ _ M2.1
Simulations | prejiminary shield
] M3.1
Materials BOM and plan
M4.1 Readout of
Ele/DAQ 60 KIDs
RM1 Cryo M5.1 Delivery D5.1 Ready
M6.1 Drawings of M6.3 Delivery of
LNGS Cryo | .t lead shields ext. shielding
i M7.1 Preliminary
Cryo shield oroject
R&D M7.3 single
Cryo veto module
Calibration
Computing

Data analysis

v Actual project related to the outcome of simulations

v First design produced

v Possible Copper suppliers identified.

v Sample testing at LNGS ongoing
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Cryogenic veto

2024 2025
WP | I Il
M1.1 M1.2
Stack 4” test final assembly
M1.4
Demonstrator|_ . ;o= @ By
M1.6
Thr. R&D New sensors
R&D M1.7
Germanium Diced wafer
] ] M2.1 M2.2
Simulations | prgjiminary shield Final shield
i M3.1 M3.2
Materials BOM and plan Validated
M4.1 Readout of M4.2 Full
Ele/DAQ 60 KIDs readout of
RM1 Cryo M5.1 Delivery D5.1 Ready
M6.1 Drawings of | M6.2 Comm. |M6.3 Delivery of
LNGS Cryo ext. lead shields | without shields | ext. shielding
Cryo shield M7.1 Preliminary | M7.2 Cu shield
neaiaAa~nt wvanal
R&D M7.3 single
C module
ryo veto demonstration
Calibration M8.1 PoC
Computing

Data analysis

R&D -]:l Milestone approaching

1st test in Rome completed with BGO, 100 keV threshold

5000 -
%; 4000-5
= : 137Cs calibration
o |
& 3000-
S :
N, ]
S 2000-
-B S M. del Gallo
&) ]
1000
0-

0 1000 2000 3000

S M. de Lucia
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CalibratiOn m: Milestone will not be met?

2024 2025
60 keV y-ray from 241Am proved . . .
WP [ | I Autocalibration with response
— X-rays from Lead case observed function P
Stack 4 test X-rays from Cu shield and Si stack?
M1.4 Las
Demonstrator)_,4:pry @ RV 1, ~10.6 keV Preliminary
Thr. R&D Newl\/;r?sors 081 ” ~12-|E5B1keV ; Eijﬁf:jj
R&D M1.7 = |!; E o naSs (wo, T') Q
i Diced waf = 1A a1t Ko — = :
Germanium _— iced warer % : “’ﬁh i!: 'ﬁ;ﬁik dE NOVAQ 1 + 4y2
Simulations Preliminary shield s 0'4_; A1k ""iﬂ,.-ii;.ﬂh’. -
— | R s
i M3.1 0.2 Tl ;
Materials BOM and plan
Ele/DAQ M4.16(I;§eKal([j)ZUtOf 0ollllllollllzloll”3|0'”'4|0'”'5|0””6|0””7|o'”'salo””9lo
RM1 Cryo M5.1 Delivery | D5.1 Ready E M. Folcarell S D. Quaranta
M6.1 Drawings of M6.3 Delivery of
LNGS Cryo ext. Ieargvllr?iglsd(s) ext. sr?ile\llgirri/go
Cryo shield M7'1p|:g?£ginary
R&D M7.3 single .
Cryo veto  module 1Ngg)l’c cl_ear })/et how we will proceed &
Calibration I WIres .
computing |:| D. Nicol6
Data analysis
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Comupting and analysis

2024 2025
WP | | |
M1.1
M1.4
Demonstrator|_ . ;o= @ By
M1.6
Thr. R&D New sensors
R&D M1.7
Germanium Diced wafer
_ _ M2.1
Simulations Preliminary shield
. M3.1
Materials BOM and plan
M4.1 Readout of
Ele/DAQ 60 KIDs
RM1 Cryo M5.1 Delivery D5.1 Ready
M6.1 Drawings of M6.3 Delivery of
LNGS Cryo | .t lead shields ext. shielding
i M7.1 Preliminary
Cryo shield oroject
R&D M7.3 single
Cryo veto module
Calibration
Computing

Data analysis

|

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 20267 Grenoble-KIT-LNGS?
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