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LArTPCs with Pixelated Readout

How to fully-leverage LArTPC capabilities?

fine-grained tracking

event topology

full-absorption calorimetry

Millimeter-scale pixelated readout offers:

true 3D imaging

robustness to single channel failures

streaming, continuous readout with low data rate

Challenges:

Power dissipation

Multiplexing

Cost
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ASIC Architecture

Low-power, integrating amplifier with
self-triggered digitization and readout

ASIC Speci�cation Value
Analog inputs 64

Gain 4.5�V/e�

Noise �530 e� ENC

Power 2�10�4 W per channel

Dynamic range 3�105 e� at nominal gain
ADC resolution 8 bits
ADC LSB 4mV (nominal)
Threshold range 0-1.8mV
Timestamp precision 100 ns
Operating temperature 80-300K
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Scalability

Large-format anode tile PCB robust to single
ASIC failures

Redundant I/O paths, 4 per tile

I/O can occur between any neighboring
chips on pixel tile

ASIC I/O network constructed by explicit
configurable connection between
neighboring ASICs

Anode robust to repeated cryogenic cycling

Fully commercial production & assembly

Design compatible with large-scale testing
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System Architecture

An end-to-end charge readout architecture
with limited, well-defined interfaces to other
sub-systems

Anode Tile Speci�cation Value
Dimensions 475.46mm�296.90mm
Pixel channels 10240
Pixel pitch 3.72mm

Noise injection <100 e� ENC

Controller Speci�cation Value
Power 84W
I/O channels 40
Digital power stability <1%
Analog power stability <1%

Noise injection <250 e� ENC
Pixel multiplexing 2,560 per I/O (nominal)

Achieved target of <$10k/m2 system
production costs — hardware (ASICs, PCBs,
cables, controllers, feedthrough) + assembly
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LArPix Applications @ DUNE

ND-LAr

1.5M �-Ar interactions per week

70 optically-segmented LArTPCs

200m2 anode active area

>14M charge sensitive pixels at millimeter-scale
spacing

Large-scale O(105)-channel integrated system
prototyping underway

Prospective Far Detector

30 �-Ar interactions per week

x10 increase in channel count relative to near
detector

Digital multiplexing, power distribution to be
developed

3m � 3m LArPix anode tile operation in CERN cold
box planned for Summer 2025
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System Prototyping — 2�2 Demonstrator

Initial operation in July 2024 in GeV antineutrino beam
at FNAL (�1E19 POT �̄ NuMI collected)

Four 60%-scale modules (8 optically-segmented
LArTPCs) installed in former location of MINOS
Near Detector

�2.6 ton LAr active mass, 30 cm maximum drift
distance

337.6k charge-sensitive pixels at �4mm pixel
pitch (2.25% inactive channels)

Stable self-triggering and digitization of each pixel
imaging on-beam & off-beam activity

Continuous readout, independent of photon
system trigger

�150 keV channel threshold
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