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† In memory of our colleague, Dr. Davide Salvatore Porzio, who is no longer with us. 8

Abstract: The Module-0 Demonstrator is a single-phase 600 kg liquid argon time projection cham- 9

ber operated as a prototype for the DUNE liquid argon near detector. Based on the ArgonCube 10

design concept, Module-0 features a novel 80k-channel pixelated charge readout and advanced 11

high-coverage photon detection system. In this paper, we present an analysis of an eight-day data set 12

consisting of 25 million cosmic ray events collected in spring 2021. We use this sample to demonstrate 13

the imaging performance of the charge and light readout systems as well as the signal correlations 14

between the two. We also report argon purity and detector uniformity measurements, and provide 15

comparisons to detector simulations. 16

1. Overview 17

Charge readout in Liquid Argon Time Projection Chambers (LArTPCs) has tradition- 18

ally been accomplished via a set of projective wire planes, as successfully demonstrated 19

e.g. in the ICARUS [1], MicroBooNE [2] and ProtoDUNE-SP [3,4] experiments, and as 20

planned for the first large detector module of the DUNE experiment in preparation at 21

the SURF underground laboratory in South Dakota [5]. However, this approach leads to 22

inherent ambiguities in the 3D reconstruction of charge information that present serious 23

challenges for LArTPC-based near detectors, where a high rate of neutrino interactions and 24

an associated high-intensity muon flux cannot be avoided. In particular, 3D reconstruction 25

becomes limited by overlap of charge clusters in one or more projections, and the unique 26

association of deposited charge to single interactions becomes intractable. To overcome 27

event pile-up, a novel approach has been proposed and is being developed for the LArTPC 28

of the near detector complex of the DUNE experiment, close to the neutrino source at 29

Fermilab. This technology implements three main innovations compared to traditional 30

wire-based LArTPCs: a pixelated charge readout enabling true 3D reconstruction, a high- 31

performance light readout system providing fast and efficient detection of scintillation light, 32

and segmentation into optically decoupled regions. By achieving a low signal occupancy in 33

both readout systems, the segmentation enables efficient reconstruction and unambiguous 34

matching of charge and light signals. 35

The Module-0 demonstrator is the first tonne-scale prototype of the DUNE Liquid 36

Argon Near Detector (ND-LAr) design. That detector will consist of a 7 ⇥ 5 array of 37

1 ⇥ 1 ⇥ 3 m3 detector modules [6] based on the ArgonCube detector concept [7], each 38

housing two 50 cm–drift TPC volumes with nearly 30% optical detector coverage. Module- 39

0 has dimensions of 0.7 ⇥ 0.7 ⇥ 1.4 m3, and represents the first fully-integrated prototype 40

of the ND-LAr module design, bringing together the innovative features of LArPix [8,9] 41

pixelated 3D charge readout, advanced ArCLight [10] and Light Collection Module (LCM) 42

[11] optical detectors, and field shaping provided by a low-profile resistive shell [12]. 43

This integrated prototype also tests the charge and light system control interfaces, data 44

acquisition, triggering, and timing. Module-0 is the first of four functionally-identical 45

modules that together will comprise an upcoming 2 ⇥ 2 ND-LAr prototype, known as 46

ProtoDUNE-ND. Following construction and initial tests with cosmic ray event samples, 47

this larger detector will be deployed underground in the NuMI neutrino beam at Fermilab 48
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• ARC composition: 
- Mitch Soderberg (chair), Xiao Luo, José Maneira, Mike Kordosky, Michal Rigan  

• Review status: 
- About 1 week ago received first round of comments from ARC 
- Andy and Pedro met with ARC on Tuesday October 11 to go through them 

• General impression from the ARC:
- This is a great paper! Worth investing time in it as it will likely be a reference for every 

graduate student working in the DUNE ND 
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• Most comments are related to style and/or 
language issues: 
- Cumbersome but not hard to implement (already 

in progress)
- Issue also raised about uniformity of graphics 

(legend, labels, etc…)

• Most significant comments on the content: 
- Increase the amount of structure 
- Improve the flow by changing order of certain 

parts and/or more clearly stating goals or each 
section/subsection

- Expand certain key parts (e.g. the introduction) 
to make the paper more accessible to people 
without LArTPC experience

Sample of comments received: 
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• Andy and Pedro will continue going through all the comments
- Directly incorporate some and delegate the rest to subsection / plot editors 
- Hope to communicate delegated comments in ~1 week, together with some guidelines 

on the plots 

• Get back to ARC in 2-3 weeks 


