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Objectives

WP9: Cryogenic neutrino detectors:

Focus on innovative developments in large cryogenic detector readout:
Charge readout with pixels
Charge readout with vertical-drift detectors
Readout of scintillation light.

Applications geared towards DUNE and large-scale DM detectors.
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Objectives

Task 9.1: Coordination and Communication (CNRS-IP21, Edinburgh)

Task 9.2: Pixel Charge Readout (Manchester, Bern)
Optimized pixel tile pattern for the DUNE LAr far detector
Design and prototype for large scale tile-based anode plane

Task 9.3: Vertical Drift Charge Readout (CNRS-IP21l, CNRS-1JCLab, CNRS-LAPP)

Novel Vertical Drift perforated anodes charge readout design evolving from the dual-phase charge
readout stack

Development and tests of novel design of the Charge Readout Plane (CRP) integration surface of the
Vertical Drift perforated anodes

Developments and tests of integrated cold electronics, new feedthrough chimneys design
Developments in associated digitization hardware and online data treatment

Task 9.4: Light Readout (CIEMAT, INFN-MIB, Edinburgh)

Characterization of new photon detection methods, calibration devices and readout electronics

Implementation and characterization of a more efficient light collection system in NPO2/ProtoDUNE
phase Il (Xe doping and Wave-Length Shifting (WLS) combined with reflective foils)

Dissemination of R&D results and NP02 /ProtoDUNE Il light-collection performance (web site)
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Results/highlights
AI Pixels charge readout [T:9.2]
innova (UNIMAN, UBERN)

* Pixels as an idea to replace wires
* Simultaneous charge and light readout with special Pixel-SiPM pads.
* Enables low-energy neutrino optimized LArTPC — the SoLAr concept

* New generation VUV-sensitive SiPMs.
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Results/highlights

AI DA Pixels charge readout [T:9.2]

innova (UNIMAN, UBERN)

*V/2 prototype (July 2023)
30x30x30 cm3volume
20 LArPix chips
64 Hamamatsu VUV SiPMS

10 days of data taking

Cosmic rays + 99Co
Charge & light event display!

Hit map shows location of disabled pixels

MS36, and D9.1 (M44)

e 10-ton scale
prototype proposed for
Boulby (proposal
submitted in May)

.
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Results/highlights
Vertical Drift [T: 9.3]

(CNRS-IP21, CNRS-1JCLab, LAPP)

Vertical Drift: novel and optimized LAr TPC technology, anodes based on segmented perforated PCB

Top and bottom anode
charge readout surfaces:

Made of 80+80 Charge
Readout Plane units
3x3.375 m?

Each unit: 2 stacked
layers of segmented
perforated PCBs

uTCA charge readout

Cathode surface at -300 kV
- E~500V/cm

8 Large cosmic data samples (¥M events per test)

§ collected in stable operation. Systematic investigation of
external coherent noise sources (PD, instrumentation)
Remarkable reproducibility of calibration data taken for
CRP2/3/2 (1%) with 2.5% response spread among
different channels

Signals reproducibility confirmed
in physical response to cosmic
tracks (dQ/dx) from offline
analysis of CRP data '1 |
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Results/highlights

Vertical Drift [T: 9.3]
(CNRS-IP2I, CNRS IJCLab LAPP)

Readout System for the top-drift volume of FD2-VD
80 CRP, 3072 channels/CRP, 246k total channels

El ded to be installed on FD2-

VD has transitioned into VO (roducion 20242020 -

« 3840 cryogenic FE boards (64 channi

production phase for the

DUNE FD \
Module-0/ProtoDUNE Vertical
Drift: last Vertical Drift
integration exercise before 2

. 3840 AMC acwut  ucws

+ 105 Chimenys
hosting 48 or 24

channels)

- 320 uTCA f et | ]
DUNE FD module construction - windo > i
> completed in June 2023 — ,
Detector wi ” be f|| Ied (fa ” 2024 Settmg up for production activities for FD2 (going to regime in 2024)
’ Cryogenic ASICs produced with AMS

d ue Ia Ck of LAr‘) -ma in «  AMC boards and microTCA crates (June 2024)

. . . ¢ Frond End boards (September 2024)
applications for reconstruction * Chimneys (September2024) [

* CRP structures (September 2024)

studies/development of cosmic
and charged beam.

MS37,38 and 39, and
D9.2 (M46)
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Results/highlights

AI Light Readout [T:9.4]
iIinnova (CIEMAT, INFN-MIB, UEDIN)
Extensive tests of X-ARAPUCA devices for several v parﬁ“‘e
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MS40, and D9.3 (M45)
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Results/highlights

AI DA Light Readout [T:9.4]

iIinnova (CIEMAT, INFN-MIB, UEDIN)q
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Deliverables/Milestones

Milestones

Good progress on the

Milestone Name Lead beneficiary Due Date (in months)  Means of verification

MS36  Pixel optimisation 40 - UNIMAN 23 Report (Task 9.2) g prototypes — excellent
VS37 Srtle.itusreporton 8- CNRS - Report{Tast.3}© resutls from Va-rlos.
crimneys tests. Some switching to
MS38 Status report on CRPs 8-CNRS 23 Report (Task 9.3) @ p rod u CtiO n mOd e
Status report on
MS39 o 8- CNRS 33 Report (Task 9.3) @
digitisation .
New collaborations
Large-scale WLS surfaces
MS40 and SiPMs Tested 21- INFN 22 Report{Task9.4}© enabled by AIDAlInnova
Deliverables A” WP 9 mi|est0nes
Deliverable Name Lead beneficiary Due Date (in months) com pletEd
Do.1 Large-scale Pixel Anode 40 - UNIMAN .' Report 44
Vertical Drift chimneys, Deliverables schedule
Do.2 digitisation, CRPs 8-CNRS Report 46 iS on traCk.
R&D in LAr optical
D9.3 endont 29 - CIEMAT Repart 45
17 January 2023 Second Project Review meeting 10
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