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Detectors capable of ɜe physics
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Gargamelle

Bubble Chamber

3 ton sensitive mass

Heavy Freon

NOMAD 

2.7 tons drift chambers target

Density 0.1 g/cm3

2% X0/chamber

0.4 T magnetic field

TRD detector + Lead glass cal.

ne CC

Bubble Ø   3 mm

Density      1.5 g/cm3

X0 11 cm

ɚT 49.5 cm

dE/dx        2.3 MeV/cm

Resolution   ~4.7 x 4.7 x 0.8 mm3

Density   1.4 g/cm3

X0 14 cm

ɚT 54.3 cm

dE/dx   2.1 MeV/cm

MIP ion. yield   ~6000 e-/mm @ 500 V/cm

MIP scint. yield  ~24,000 ɔ/MeV @ 500 V/cm



LAr Properties
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ÁWhen LAr doped with 10 ppm Xe, the slow argon scintillation component is almost entirely shifted 

to 175 nm, Rayleigh scattering length ~8.5 m, ~13,000 ɔ/MeV @ 175 nm, ~7,000 ɔ/MeV@ 128 nm

ÁLAr is an excellent detector medium for physics in the MeV to GeV range



DUNE Upgrade Path

Á Additional mass is essential for all physics without neutrino beam (need at least 40 kt active mass!)

Á Beam Power upgrades require changes in the Accelerator Complex and in the Neutrino Beamline (not a 

free lunch!)

Á The cost is an important parameter for the construction of successive detector module(s)
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Charge Readout Photon Detection Drift 

Length

HV Active 

Mass

FD1-HD 3 wire planes,

+35.7Á/-35.7Á/0Á

4.67/4.67/4.79 mm

1500 X-ARAPUCA bars

209 x 12 cm2

LY ~24 PE/MeV @ 3% eff.

3.5 m -180 kV 13.4 kt

FD2-VD 3 PCB readout 

planes,

+30Á/-30Á/90Á

7.65/7.65/5.10 mm

672 X-ARAPUCA bars,

60 x 60 cm2

Xe ~ 10 ppm
LY ~39 PE/MeV @ 3% eff.

6.5 m -294 kV 14.5 kt

ÁCurrently DUNE foresees two far detector modules



DUNE physics goals
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Á Unique DUNE physics goals: detection of ɜe in SN bursts, new approach to proton decay compared to 

Water Cherenkov detectors

Á Expanding DUNE physics goals: identification of ɜŰ(both in atmospheric neutrinos and in dedicated 

higher energy beam runs), detection of solar neutrinos (precise measurements of 8B flux, first detection 

of hep neutrinos)

Á Whatis requiredon thedetectorside?

Å better reconstruction of charge depositions (neutrino energy and kinematical quantities 

particularly for ɜŰ) and improve trigger capabilities (lower threshold)

Å implementationof agenuine3D readoutof chargedepositions, better granularity (low energy 

electrons, K identification)

Å betterunderstandingof thecapabilitiesof light readout (energy resolution) and triggering, 

improvements inlight collection,radiological background modelling

Å improvementsin radiologicalbackground



Are we fully exploitin g the charge deposition 

granularity offered by a LAr TPC?

ÅóI have never seen a detector that failed because of the softwareô (S. Ting)

ÅReconstruction algorithms for charge depositions are still evolving and increasingly use AI methods. 

Lots of room for improvements! Computing hardware driving the software?

ÅTriggerefficiencies should beimprovedfor low energy physics (how to trigger on solar neutrinos?)

ÅMove fromthe combination of multiple 2D views (projected spatial positions vs drift time) to a 

genuine 3D acquisition of charge depositions by the implementation of a pixelated readout

- eliminationof ambiguities, easier and faster reconstruction

- provides complete information for triggering

ÅCan we improve on the readout granularity (down to 3-4 mm pitch)?

ÅCan we lower thereadout threshold keepingasafe limit onthedatarate?
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AI/ML in DUNE
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AI 
algorithms

Real 
time

Fast 
inference

Å Improved reconstruction efficiency

Å Nucl. Instrum. Meth. A 1028 (2022) 166371 

Å Eur.Phys.J.C 82 (2022) 10, 903

Å Phys. Rev. D 102, 092003 (2020)

Å Fast detector simulation (photon detection)

Å Mach. Learn. Sci. Tech. 3 (2022) 1, 015033 

Å Accelerate ML inference using 

GPUs/FPGAs

Å Front. Big Data 3 (2021) 

604083

Å ProtoDUNE offline production 

using GPUs in google cloud 

Å Real-time applications

Å Physics Inspired Neural Nets 

(PINNs). 

Å AI for event triggering (new 

DOE AI funding)

Tungjun Yang



AI algorithms
ÅAI algorithms have been used in finding signals in the raw waveforms, classifying each 

reconstructed hit and identifying neutrino interactions. 
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NIM. A 1028 (2022) 166371 

Eur.Phys.J.C 82 (2022) 10, 903

Phys. Rev. D 102, 092003 (2020)

Tungjun Yang



On-Edge Deep Learning AI for Tagging and 

Trigger in Liquid Argon Neutrino Detector 
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S. Mishra, D. Christian and M. Wang  Fermilab +é.
Possible Collaboration with NVIDIA

TPC 
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AI/ML

Time

AI 

Technology 

Á A tagging/low level triggering mechanism to identify 
data with tracks, particle ID, interaction type, etc.

ÁWill increase the DAQ throughput and reduce the 
data volume to storage.



On-Edge AI Infrastructure at Fermilab
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ICEBERG
FEMB WIB

FELIX

Nvidia OnEdgeGPU 
Google OnEdgeTPU 



LArPix : low -power 3D pixelated charge readout
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Max power density 10 W/m2

Á dynamic range 3 x 105 electrons @ 25 mV/fC

Á conversion + reset cycle ~ 2.2 ɛs @ 5 MHz clock Scalability to FD: > 108 pixels

LArPix-v2b anode tile

6400 pixels @ 

3.8 mm pixel pitch

JINST 13 (2018) P10007, talk by Dan Dwyer



Q-Pix: Pixel -scale Signal Capture for kt LAr TPCs
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D. Nygren, Y. Mei arXiv:1809.10213, talk by Jonathan Asaadi

Á classic approach of continuous waveform sampling and digitization is inappropriate Ą save 

power and lower threshold !

Á a charge sensitive amplifier continuously integrates incoming signal on a feedback capacitor until a 

threshold on the regenerative comparator (a Schmitt trigger) is met

Á@ threshold, a reset rapidly drains the feedback capacitor and stores the current value of a local clock

Á the time difference between one clock capture and the next measures the time to integrate a pre-defined 

integrated charge ȹQ

input current and reset 
time differences are
inversely correlated



Optical readout of a dual phase LAr TPC
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Á THGEM: FR4 53 x 53 cm2, 

1 mm thick, 500 ɛm holes

Á Photonis Cricket mage 

intensifier

Á Timepix3-based camera 

(256 x 256 pixel array with 

55 ɛm pixel pitch

Á 32 x 32 cm2 field of view 

ARIADNE, A. Lowe et al., Instruments 4, 35 
(2020 ), talk by Kostas Mavrokoridis

New glass THGEM tested in 

the CERN Cold Box


