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Outline
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Single Phase LAr Neutrino TPCs and R&D Dual Phase LAr TPCs and R&D

ÅWire Technology
(ICARUS T600, MicroBooNE, 
SBND, Proto/DUNE HD/VD)

Å Pixelated Charge
(DUNE ND/LArPix/QPiX/SoLAr)

Å Perforated PCB anode
(Vertical Drift)

Å S2 Optical readout
(ARIADNE)

Neutrinos Dark Matter

Å S1 and S2 Light Readout
(Darkside-20k)

Knowledge exchange & S1 Light collection optimization efforts (ie APEX, PoWER)

Note: Material presented is the work of many people/collaborations, public links provided where possible



Why Liquid Argon?
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VDense: 40% denser than water
VEasy ionization: 55 000 e-/cm for MIPs
VHigh electron lifetime if purified Ą long drifts
VHigh scintillation light yield: 40k ɹ /MeV
VPulse shape discrimination ability: (S1:fast 6ns/slow 1.6 ˃s) 
VAbundant:~1% of the atmosphere (needs 39Ar depletion for DM)
VCheap: $2/L ($3000/L for Xe, $500/L for Ne)



Major R&D challenges toward  ktonscale LAr TPCs
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kton scale
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Scalable charge 

readout methods ï

high granularity 

tracking & good 

energy threshold

Very long e- drift 

length  requires 

very high voltage

Systems 100kV -

600 kV

Scalable light 

readout methods ï

high granularity 

tracking & good 

energy threshold

multichannel  

DAQ system & 

Cold electronics Cryostats & 

cryogenics

4K. Mavrokoridis



LAr Single Phase Wire Technologies 
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Ionisationreadout
Light readout
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LArSingle Phase Experiments in the SBN Program
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o tǊƻƎǊŀƳ ŀƛƳǎ ŀǘ ǎƻƭǾƛƴƎ ǘƘŜ άǎǘŜǊƛƭŜ ƴŜǳǘǊƛƴƻ ǇǳȊȊƭŜέ ōȅ 
exploiting the well characterized FNAL Booster b˄eamline

[1-4]



ICARUS T600
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1977 - the LArTPC
Concept by C. Rubbia

[1-4,19]

Running

First physics result, Phys. Rev. Lett. 134, 151801 (2025)



ICARUS T600
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Å άǿŀǊƳέ ƭƻǿ-noise front-end amplifier
Å Compact layout: both analog+digital

electronics hosted on a single flange 

Icarus @Fermillab

ICARUS PMTs 
behind the wire 
planes (90 per 
TPC)

Provide t0 of any 
ionizing event in 
the TPC 

[1-4]



MicroBooNE
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Å UV calibration LASER 

[1-4]

(See slides also from Magnus Handley and 
Afroditi Papadopoulou@Nufact25)



MicroBooNE
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Deep Learning 
Convolutional Neural Nets

(Leverage advances in computer vision 
and AI techniques to identify neutrino 

interactions or label pixels)

Calibration LASER 
(multiphoton ionization)

[1-5]

MicroBooNEis the first 
experiment instrumented 
with cold CMOS ASICs

8256 wires/channels



SBND
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Improved Cold 
electronics similar 
to ProtoDUNESP
(FPGA also in cold)

11,264 wires/channels

[1-5,20]

Running (first physics run completed)



SBND ɝPhoton Detection system
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Wavelength-shifting reflector foils (TPB coated) 
mounted at the cathode  to Improve the 
uniformity of collected light 

Modular photon detection system mounted 
behind APAs 

X-ARAPURCA R&D

PMTs

ό! ŘŜǾƛŎŜ ŦƻǊ άǘǊŀǇǇƛƴƎέ ǇƘƻǘƻƴǎ ǘƻ 
increase the active area of SiPM) 

[1-5,20]



DUNE
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First module operational in end 2020s

[6-8,21]

(See also slides from
Pierre Granger 
@Nufact25)
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ÅMembrane cryostat technology developed for LNG 
ǘǊŀƴǎǇƻǊǘ ǎƘƛǇǎ Ҧ ǊŜ-engineered for LAr-TPC 
detectors 

ÅUsed by protoDUNEs, DUNE, SBND and Darkside-20k

[6-8]

Membrane Cryostat Technology 



DUNE Far Detectors: two realizations: HD, VD
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[6-8, 22]

HD

Anode Plane Assemblies : 

Wire chamber technology

Drift length 350 cm -> ~ 180 KV

9800 m3 = 13.2 ktons active LAr

VD

Charge Readout Planes :

perforated PCB technology

Drift length ~ 640 cm -> ~ 300 KV

10180 m3 = 14.2 ktons active LAr

Photon detectors on the cathode at

300 KV



DUNE APA Factories
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Wiring head

[6-8,21,22]

Daresbury, UK

Chicago, USA

Aiming to produce 150 APAs in total  



Vertical Drift Single Phase LAr TPC with PCBs
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[9, 22]

Evolution from ProtoDUNEDP 
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[6-8, 22]



ProtoDUNESP/HD (Wires)
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[6-8,21,22]



Argon purification
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NP04 run in 2024

NP04 run in 2024

[6-8, 22]



ProtoDUNEVD
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Cosmicssample event

[6-8,21,22]



DUNE Photon Detection System: X-ARAPUCA
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Photon trapping through:

 Total internal reflection in the WLS

 Trapping through dichroic filter

[6-8, 22]

(See also talk by Carmen Palomares @Nufact25)



Optimising further S1 photon detection efficiency ɝAPEX
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R&D for phase II of DUNE APEX: Aluminumprofiles with embedded X-ARAPUCA

2ton prototype 
@CERN [23]



Optimising further S1 photon detection efficiency -PoWER
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See slides from André Steklain@Nufact25

PEN Field 
Cage

LDUs

S1

ESR
R&D for phase II of DUNE



LArTPCsingle phase Pixel Technologies
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Motivation: The anode is made of a grid of pixels, which can directly detect the 
ionization charge at a specific (X, Y) position without needing projections. [10,11,25]


