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• 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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WP9: Cryogenic Detectors



• Excellent 
position 
resolution + 
calorimetry and 
particle ID

• Ionization is 
primary signal.

• Scintillation 
light can 
provide 
additional 
information 
(timing, 
calorimetry, 
position)
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LArTPC operation 
(in a nutshell)



• Argon VUV light absorbed by most 
materials.

• APA geometry limits photon-detector 
size (PMTs not possible)

• Would like high light yield, but 
detector size means large number of 
channels needed
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Where is the catch(es)?

• HD module has 150 APA modules.

• APA module is 6m x 2.5m and has ~3500 
wires.

• APA production/installation challenging.



• Task 9.1: Coordination and Communication (CNRS-IP2I, 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-IP2I, CNRS-IJCLab, 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 

NP02/ProtoDUNE phase II (Xe doping and Wave-Length Shifting (WLS) combined with reflective 
foils)

• Dissemination of R&D results and NP02/ProtoDUNE II light-collection performance (web site)

2nd Annual Meeting, Apr 27/04/23, A.M. Szelc27 April 2023 5

Work Packages and objectives



•Talks from all three tasks.

• Lots of impressive progress.

•Can only show a fraction/highlights - 
please look at talks for more details.
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Parallel Session yesterday
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Pixels charge readout [T:9.2]​
(UNIMAN, UBERN)

Talk by:
Anyssa Navrer-Agasson

https://indico.cern.ch/event/1191719/contributions/5364319/attachments/2635772/4559911/solar_pixel_update_aida_2023.pdf
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Intro to pixels

Idea: replace wires with pixel-pads
• Reconstruction less complicated
• Many more readout channels



• Collaboration between tasks.

• Idea to simultaneously readout
charge and light.
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SoLAr concept

• New generation SiPMs:
• Can detect photons at 

LAr scintillation 
wavelength

• Hamamatsu 4th 
generation MPPC

•  FBK VUV-HD technology
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Tile design

Milestone MS36
Pixels



• Development of simulation is ongoing: 
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Simulations and Sensitivities

Study made with X-ARAPUCA detectors 
in a DUNE-sized module
‣ Should perform even better with 
SoLAr design!

Solar Neutrino background rejection

Energy 
resolution 
studies
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Pixels charge readout [T:9.2]
(UNIMAN, UBERN) 

•First SoLAr dual-pixel readout Protoype at Bern

• Dimensions of the TPC: 12cmx10cmx5cm

• Active area of readout plane 7cmx7cm

• Drift distance ~5 cm

SiPM 
waveforms
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Towards a medium-scale 
demonstrator
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Vertical Drift charge readout [T: 9.3]​
(CNRS-IP2I, CNRS-IJCLab, LAPP)

Talk by
Dario Autiero

https://indico.cern.ch/event/1191719/contributions/5364320/attachments/2635720/4560046/AIDAInnova_VD_Apr23.pdf
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How vertical drift works

Idea: replace wires with perforated PCB boards
• Reconstruction similar to wires (multiple planes)
• Similar number of readout channels
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How it fits in the DUNE 2nd FD module
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Lots of activity carried on in 2021/22 !
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Top-drift Electronics (TDE) 
and chimneys development

Top drift CRPs readout based on completely accessible electronics:
• Top Drift Electronics (TDE) subsystems:

• Analog FE cryogenic electronics: Cryogenic ASICs and Front-End cards at the bottom of 
the chimneys 

• Digital FE electronics on cryostat roof: AMC digitization cards + uTCA systems, timing 
distribution system

→ TDE electronics successfully validated with top-drift CRPs in 2021/22

Milestone MS37
(Chimneys)

Milestone MS39
(Digitization)
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CRP development

Vertical Drift Charge Readout Planes (CRP) with 
perforated anodes successfully constructed and 
tested with TDE electronics at the CERN Neutrino 
Platform with an intensive test program:

• First Vertical Drift CRP tested in 2021
• Continuation of the program in 2022  (sticking 

to original schedule): characterization and 
validation of two final design top-drift CRP 
(CRP2 and CRP3)

Milestone MS38 (CRP)
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Module-0 (ProtoDUNE-VD)

• Module-0/ProtoDUNE Vertical Drift: last Vertical Drift integration exercise before 2nd DUNE 
FD module construction

• Two top-drift CRP, validated in 2022 in the cold-box TPC tests installed at the beginning of 
2023 in the NP02 cryostat (formerly ProtoDUNE dual-phase).

Top-drift

Cathode
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Light Readout [T:9.4]
(CIEMAT, INFN-MIB, UEDIN)

Talks by:
Luca Meazza
Ines Gil Botella
Holly Parkinson

https://indico.cern.ch/event/1191719/contributions/5364316/attachments/2635735/4559842/Aidainnova_MiB_230426.pdf
https://indico.cern.ch/event/1191719/contributions/5364317/attachments/2635630/4559636/CIEMAT_AIDAinnovaWP9_Light%20Readout_apr23_Valencia.pdf
https://indico.cern.ch/event/1191719/contributions/5364318/attachments/2635347/4560594/AIDAInnova%20talk%20slides.pdf
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Common solutions in LAr 
Light Readout

Ideas:
- Use light collectors 

(trapping photons)
- Use wavelength-shifters 

to transform light to 
visible
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X-ARAPUCA WLS bar 
selection 

Milestone MS40
SiPM testing and large 
WLS surfaces
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Dichroic filter tests



• HPK SiPM
characterization:

2nd Annual Meeting, Apr 27/04/23, A.M. Szelc27 April 2023 25

Assembly and tests of 
ProtoDUNE X-ARAPUCAS

• Vertical-Drift large X-
ARAPUCA installation

Milestone MS40
SiPM testing
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Photon detection R&D
(including in cryo setups)

VUV SiPM characterization at LN2 temperature



• a dedicated test has 
been performed at the 
CERN neutrino 
platform test facility to 
measure the 
performance of large-
area PEN sheets as a 
WLS

• 19 days of data 
acquired in January – 
February 2023

• Data quality is good 
and analysis is ongoing

• Stay tuned for results 
soon
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Large-scale WLS test

Milestone MS40
Large-scale WLS
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Milestones and Deliverables
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Conclusions

• Lots of work ongoing .

•New prototypes will be operational soon – lots of exciting 
data to analyze.

•New ideas/collaboration formed with help from 
AIDAInnova

•Milestones mostly on track (slight delays on reporting)


	Slide 1: WP9: Cryogenic Neutrino Detectors (2nd Annual Meeting )
	Slide 2: WP9: Cryogenic Detectors
	Slide 3: LArTPC operation  (in a nutshell)
	Slide 4: Where is the catch(es)?
	Slide 5: Work Packages and objectives 
	Slide 6: Parallel Session yesterday
	Slide 7
	Slide 8: Intro to pixels
	Slide 9: SoLAr concept
	Slide 10: Tile design
	Slide 11: Simulations and Sensitivities
	Slide 12: Pixels charge readout [T:9.2]  (UNIMAN, UBERN) 
	Slide 13: Towards a medium-scale demonstrator
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25: Assembly and tests of ProtoDUNE X-ARAPUCAS
	Slide 26: Photon detection R&D  (including in cryo setups)
	Slide 27: Large-scale WLS test
	Slide 28: Milestones and Deliverables
	Slide 29: Conclusions

