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Since 2021, INFN CSN2 has
introduced a new project

management approach for new
projects.

Lol / Eol - INFN-PM-QA-502

CDR - INFN-PM-QA-503 + Executive Summary - INFN-PM-QA-511
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draftting and releasing the Project Management Plan

’ updating the Project Management Plan
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Progress Report Annuale - INFN-PM-QA-510

Progress Report Finale - INFN-PM-QA-510
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CDR and PMP '

sing the Project Management Plan

Project Management Plan

- What follows are preliminary
thoughts, but (almost) nothing is frozen
and need to be discussed toether
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BULLKID DM LOJ

e Sent to CSN 2 in July 2023
e Signed by INFN-RM, INFN-PI, INFN-FE and INFN-LNGS
* Time schedule:

2024-2025 TDR

2026-2028 Construction of the instrument

2029 Commissioning and data taking
BULLKID_DM

SISTEMA COSTO PRESUNTO OSSERVAZIONI
[ke]
Rivelatore 250
Criostato 700 Da considerare solo in piccola parte se
esperimento ospitato in facility
Aurtore Verficato da Approvato
da Shielding 300 Costo da diminuire se in facility
Muon Veto 00 Se le simulazioni ne evidenziano la
Angelo Cruciani necessita
Andrea Mazzolari Veto 100 Se le simulazioni ne evidenziana la
Marco Vignati Criogenico necessita
Eleftronica 500 Include elettronica fredda, calda e il DAQ.
Calibrazione 7 Diefinita da Design Report
List {
TOTALE 250+1000+900=2150

Documenta Pubblico
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I. SCIENTIFIC CONTEXT

WIMF-like particls with Ge¥ mass or les ane highly
intriguing candidates for Dark Matier [1]. The seanch for
these particles needs detertors sensitive to mecler recoils
with encrgy thresholds of bundreds or tens of e¥ [2-4]. A
thorough exploration of inlemctions with cros-sections
lower than 10~*" em?®, spprosching the neutrins Aoor
(10~ * zm*), demands the development of an experiment
with a few kilograms of aetive mess end zoro background,
u prospect that is challenging for existing experiments
and their planned upgrades

BULLEM-DM pims to ssiabhish an experiment based
om silicon targeis sensed by cryogenic Kinetic Indurtance
Deteotoms {K1Da), capahble of achieving encrgy thresholds
between 50 and 200 oV, with an expoecd mess exoood-
ing L6 kg The plE(EﬂIJBI of an experiment with these
charscierstics & illustrated in Fig. 1, whene the blue re-
giona represcot. sensitivily Lo the :.p'm -mdependent cross-
sertion of WIMP-like particks o o function of tl:clrlﬁ-
pothetical mass, sssummng & threshold of 200 % (dark)
or B0 eV [Ilghl:l The experiment’s background esnnot
be prodicted at this time, thus the aress eiend ver-
tically from the sensitivity achieveble in the case of &
barkground matching that moaured in the CRESST ox-

permment [3] to the case of zero hackgmound.

The experiment will ke based on the techmology dewd-
ol within the BULLKID project, which wos funded by
INFNACENG snd by Sapicnza 1. from 219 to its comele-
siom m H81. The current BULLKID prototype consists
of o Zinch diameter, 5 mm thick monoerystalline silieon
wafer |[f]. The wafer is grooved on one side with desp
grocves memsuring 4.5 mm, which create cubes mmpable
of effectively conleining phonon pr:gnguiur_ Eenerated
by &n intemuction. Simultanoosly, thiE approeach main-
tams & thin commaon dEk shared wmong all the cubes,
doflning a modular system in which & singjo r.r_uu] OG-
stitutes & matrix of 60 cubes with & total setive mass of
approximately Hl g Phonoms are detected by an armey of
Kinetic Inductanes Dt ecbons (KIDs) on the opposite side
of the grooves, with one KID for each cube. The Klls
wre read in parallel [multiplesed) and are coupled o
single: transmesion hne (Fig. 2 top). This design allows
for casy sealability Lo masses of the order of kilograms by
producing and starking several idemical wafors.

The awe en resalution of the protobype iy 2
e¥ J6, mdmrgmmnﬁuurmu |7 hi'“l:] du:ngnpulr &
&N -znr_rg;f threshold of 180 &V (equnmlem to 6 @), It
worth noting that, unlike cther experiments [8], thy m
sured background is fet and does not show the pr &
of cxess events near the threshold, whick is oo sp

LNGS
scientific committee
LO|

* Presented in October 2023
e Signed by INFN, KIT and Neel

* Follow up of our request in Oct. 2024



CDR
structure

Physics case
Conceptual design
(Main) parameters
TRL of the subsystems
Safety

Needed R&D
Stakeholders



BULLKID DM CDR: Physics case
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CDR Conceptual design: baseline and possible upgrades

T v lugrade

Cryo-facility Cryoplatform
mm ) veto @ LNGS
B Lead
Polyathylene Detectors 16 * 4 inch wafers

Copper
[ Cryo veto

(2320 detectors, 1744 fiducialized)
Total fiducialized mass: 600 g

Threshold energy: 200 eV down to 50 eV
Cryo-veto BGO GSO? Other?
Thr. Energy of X0 keV Down to XX keV
Passive Lead + Polyethylene
shielidng TBD
Calibration Optical fibers? External sources?
system
Electronics TBD

+ DAQ



Consolidated systems

* Cryoogenic infrastructure High—\eve\ PBS & TRL

* Cryoelectronics

* Passive Shielding

Develoment needed
 Electronics

* DAQ

 Muon veto (?)

* Analysis

R&D needed

e Detectors (TRL 6->8)

* Cryogenic veto (TRL 3->8)
 Calibration system

TRL1 - basic principles observed

TRL2 - technology concept formulated
TRL3 - experimental proof of concept

TRL4 - technology validated in lab

TRL5 - technology validated in relevant environment (industrially relevant
environment in the case of key enabling technologies)

TRL6 - technology demonstrated in relevant environment (industrially relevant
environment in the case of key enabling technologies)

~—— TRL7- system prototype demonstration in operational environment

TRL8 - system complete and qualified

TRL9 - actual system proven in operational environment (competitive
manufacturing in the case of key enabling technologies; or in space)

N /




BKG
Simulations

Validation:

Test in progress in Roma, but a larger scale strategy has to be
defined.

Role/need of a (underground) demonstrator (1023 — 1074 DRU)

Experiment design:

Passive shielding design <-> cryogenic infrastructure

Impact of active veto energy threshold

natural radioactivity of the materials <-> dedicated
measurements, check on the material of all the inner subsystems



R&D map &
development needed

* Detector stack development -> DANAE
* Cryogenic Veto -> PISA (+ Roma)

e Calibration system (?)

Develoment needed

e Electronics
« DAQ
* Muon veto (?)

* Analysis




BULLKID DM PMP:
Project Managment Plan

- A first draft of this document is required with the
CDR

- Definition of roles: Project leader, Technical
coordinator and PM, WP coordinators

- Budget and expected fundings
- Baseline description: schedule, costs
- Management / Monitoring and Control Tools

- Risk analysis




Risk Analysis — Preliminary thoughts

* Detectors R&D failure: LOW

* Excess: TBA before TDR

* Commisioning of the cryo-platform (including shielding): LOW
* Availability of the cryo-platform: TBA before TDR

* Performances of the cryogenic veto: MEDIUM

e Calibration: MEDIUM

* Competitors: TBA

Comments:
- It is worth to simulate a configuration without cryogenic veto?



2024 2025

# WP S Unit Resp | 1 | I
1 Collaboration - All Meeting CDR TDR
2 Stack ERC Rm-Fe- Prototype 4” test Final Stack
Neel start
assembly assembly
3 Demonstrator ERC  Rm-Fe- Lead RM1 10* <10*DRU ? at
Neel
DRU LNGS?
4 Simulations ? MX Surface Sci_ Under_
L] Impact ground
I St 5 Material
tests and
validation
6 Electronics ? KIT-Pi 60 px 150 px
RM1 Cryo  ERC Rm Tender Delivery/
Shielding
LNGSCryo LNGS LNGS Delivery? Shielding
Cryoveto CSN2 Pi-Fe-Rm PoC Project Delivery Tests
10 Calibration CSN2 ? PoC
11 KID R&D ERC Rm-Neel
12 DAQ CSN2 Pi? Project Delivery Tests

13 Computing CSN2 Pi?
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