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Detectors capable o8, physics
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(f) A 2GeV/c pion charge exchange candidate.

Resolution ~4.7 x 4.7 x 0.8 mim
Density 1.4 g/ct

Bubble @ 3 mm 2.7 tons drift chambers target X, 14 cm

Density 1.5 g/ch Density 0.1 g/c o 54.3cm

Xo 11 cm 2% X,/chamber dE/dx 2.1 MeV/cm

o 49.5 cm 0.4 T magnetic field MIP ion. yield ~6000#nm @ 500 V/cm

dE/dx 2.3 MeV/cm TRD detector + Lead glass cal. MIP scint yield ~24,000/MeV @ 500 V/cm
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LAr Properties

Property Unit Value
Stopping Power (m.i.p.) MeV g=! cm? 1.51
Radiation Length o cm ™2 19.6
Nuclear Interaction / Collision Length g cm™? 120 / 76
W, Energy to form one electron-ion pair eV 23.6 (£0.3) [273,291]
lon mobility cm? V1 g1 1.6 x1073 [292]
Temperature dependence of drift velocity % K~! -1.7 [284]
Longitudinal diffusion coefficient, D, mm? ms™! 0.4 (see text)
W, Energy to produce one scint. photon (m.i.p.) eV 25 [293,294]
Scintillation photon wavelength (vacuum) nm 128 £8 (FWHM) [295]
Scintillation light inverse velocity ns m- ! 7.46 (£0.08) [296]
Rayleigh scattering length (predicted) m 0.9 (£0.2) [296-298]
Scintillation Decay times fast/slow ns 6 (+1)/1500 (+100)
267,299, 300]
Dielectric strength kV em™! >40 [301, 302]

A WhenLAr doped with 10 ppm Xe, the slow argon scintillation component is almost entirely shifted
to 175 nm, Rayleigh scattering length ~8.5 m, ~13#0@V @ 175 nm, ~7,006/MeV@ 128 nm
A LAr is an excellent detector medium for physics in the MeV to GeV range
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DUNE Upgrade Path

A Currently DUNE foresees two far detector modules

Charge Readout Photon Detection Drift HV Active

Length Mass

FD1-HD 3 wire planes, 1500 X-ARAPUCA bars 3.5m | -180kV | 13.4 kt
+35.7A-35.7A0A 209 x 12 cm?

4.67/4.67/4.79 mm | LY ~24 PE/MeV @ 3% eff.

FD2-VD 3 PCB readout 672 X-ARAPUCA bars, 6.5m |-294kV | 14.5 kt
planes, 60 x 60 cm?
+30A-30A90A Xe ~ 10 ppm

7.65/7.65/5.10 mm LY ~39 PE/MeV @ 3% eff.

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

A Beam Power upgrades require changes in the Accelerator Complex and in the Neutrino Beamline (n
free lunch!)

A The cost is an important parameter for the construction of successive detector module(s)
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DUNE physics goals

A

A

Unique DUNE physics goals: detectionsgfn SN bursts, new approach to proton decay compared to
Water Cherenkov detectors

Expanding DUNE physics goals: identificationsg{both in atmospheric neutrinos and in dedicated
higher energy beam rung)etection of solar neutrinos (precise measuremenfB ftifix, first detection
of hep neutrinos)

Whatis requiredonthedetectorside?

A Dbetter reconstruction of charge depositions (neutrino energy and kinematical quantities
particularly foray) and improve trigger capabilities (lower threshold)

A implementatiorof agenuine3D readoubf chargedepositions, better granularity (low energy
electrons, K identification)

A betterunderstandingf the capabilitiesof light readout (energy resolution) and triggering,
Improvements iright collection,radiological background modelling

A improvementsn radiologicalbackground
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Are we fully exploitin g the charge deposition
granularity offered by a LAr TPC?

Aol have never seen a detector t hat fai l ed bec

A Reconstruction algorithms for charge depositions are still evolving and increasingly use Al methods.
Lots of room for improvemenit€omputing hardware drivgthe software?

A Triggerefficiencies should benprovedfor low energy physics (how to trigger on solar neutrinos?)

A Move 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
A Can we improve on the readout granularity (down-torBm pitch)?

A Can we lower theeadout threshold keepimgsafe limit onthe datarate?
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Al/ML in DUNE

Tungjun Yang A Improved reconstruction efficiency
A Nucl. Instrum. Meth. A 1028 (2022) 166371
A Eur.Phys.J.C 82 (2022) 10, 903
A Phys. Rev. D 102, 092003 (2020)
A Fast detector simulation (photon detection)
A Mach. Learn. Sci. Tech. 3 (2022) 1, 015033

A Accelerate ML inference using " A Real-time applications
GPUs/FPGAs A Physics Inspired Neural Nets

A Front. Big Data 3 (2021) Fast Real (PINNS).

604083 | | inference time A Al for event t.riggering (new
A ProtoDUNE offline production DOE Al funding)

using GPUs in google cloud
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Al algorithms

A Al algorithms have been used in finding signals in the raw waveforms, classifying each
reconstructed hit and identifying neutrino interactions.

Induction plane, ROI finding

Phys. Rev. D 102, 092003 (2020)

201 NIM. A 1028 (2022) 166371 3
101 _210 :
O-WMWWH c
1o 4 DUNE Simulation
w — N e
8] CC (v, + v,.) signal
20 102 — CC (v, + v,) background N
5 PRI T O VU U VOIS SO — CC (v, + V,) background
10 —— NC (v + V) background ,
20 | . . | | . | | — CC (v, + V) beam background '
0 250 500 750 _I—i:r(])g()_rick 1250 1500 1750 2000 1 D .
DUII\IE:Prt?toDUNE-rSP F’]l;ll"lr5315 Ev._a-rnt_ 962 . o
\\ | - \ ff A{?{‘i\n \! o ﬂ-— 0.9
e\ l\ ></ R 1 Hos
" ' N —or
_E 300 |- N - \\ i s E 1 =
§ . FA N N — 05 E C
£ 200 |- \ ._\' S ™ § B
= N n |
. o 0.3
w00 /\ T \‘\ ' \ 0.2 1
Sl _I\jr.-:.---"'__'-‘(.-.\\.‘\ o SN o1 0 0.2 0.4 0.6 0.8 1
0 [ 1t ~\ N\ : ~ o CVN v, Score
0 1000 2000 3000 4000 5000 6000 .
Time Tick Tungjun Yang

Eur.Phys.J.C 82 (2022) 10, 903
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On-Edge Deep Learning Al for Tagging and
Trigger in Liquid Argon Neutrino Detector

S. Mi s hr a, D. Christian and M. Wang Fer mi |
Possible Collaboration with NVIDIA
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A Wil increase the DAQ throughput and reduce the
data volume to storage.
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On-Edge Al Infrastructure at Fermilab

NvidiaOnEdgesPU
GoogleOnEdgerPU

Proposed
On Edge Al

Data for Offline
Analysis
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LArPix : low -power 3D pixelated charge readout

JINST 13 (2018) P10007, talkby Dan Dwyer

Max power density 10 W/m?

Pad Spacing Pad Density  Average Power, Upper Limit
(mm) (m~2) (WW/channel)

3 111,111

4 62,500

5 40,000

Approach: Integrating Amplifier with Self-triggered Digitization and Readout
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A dynamic range 3 x 105 electrons @ 25 mV/fC
A conversion + reset cycle ~ 2.2 es @ 5 MHz clock

LArPixv2b anode tile

8| 6400 pixels @
i 3.8 mm pixel pitch

75 100 T
tlus) 150 175 Lp0 150

Scalability to FD: > 108 pixels
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Q-Pix: Pixel -scale Signal Capture for kt

D. Nygren, Y. Mei arXiv:1809.10213, talk by JonathAsaadi

LAr TPCs

A classic approach of continuous waveform sampling and digitization is inappropriate A save
power and lower threshold !
A a charge sensitive amplifier continuously integrates incoming signal on a feedback capacitor until a
threshold on the regenerative comparator (a Schmitt trigger) is met
A @ threshold, a reset rapidly drains the feedback capacitor and stores the current value of a local clock
A the time difference between one clock capture and the next measures the time to integrate a pre-defined
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Optical readout of a dual phase LAr TPC

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

A THGEM: FR4 53 x 53 cm?,
1 mm thick, 500 em holes

A Photonis Cricket mage
intensifier

A Timepix3-based camera
(256 x 256 pixel array with
55 em pixel pitch

A 32 x 32 cm2field of view

New glass THGEM tested in
the CERN Cold Box
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