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

V Dense 40% denser than water

V Easy ionization55 000 gcm for MIPs

V High electron lifetimeif purified A long drifts

V High scintillation light yield 40k! /MeV

V Pulse shape discrimination abilityf(S1:fast 6ns/slow 1.8s)

V Abundant:~1% of the atmosphere (need®r depletion for DM)

V Cheap $2/L ($3000/L foiXe $500/L for Ne)
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Major R&D challenges toltardcale LAr TPCs

Ultra-high purity
liquid argon in non
evacuated vessels

) (Very long e drift

length requires
very high voltage

Systems 100KV -
600 kV
\_ J
\ / Scalable light R

~

[

Scalable charge
readout methods i
high granularity
tracking & good
\_ energy threshold

(" readout methods i
multichannel high granularity
DAQ system & tracking & good
Cold electronics [ Cryostats & ] energy threshold

\_ ) cryogenics W,
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Sense wires

lonisationreadout

Sense wires

Light readout

LAr Single Phase Wire Technologies
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LAISIngle Phase Experiments in the SBN Prograr

ot NEANIY FAYa 0 az2t gAay3a GKS GadSNAES yS
exploiting the well characterized FNAL Boostbeamline

MicroBooNE SBND

Icarus 470 m. 86 t 110 m, 112 t

600 m, 470t

.....

BOOSTER

Booster Beam
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ICARUS T6(

1977-the LArTPC

o ICARUS _ Running

« 7601t of LAr (476 t active), 600 m from target.
4 TPCs with 1.5 m drift.

Concept by C. Rubbia

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

EP Internal Report 77-8
16 May 1977

THE LIQUID-ARGON TIME PROJECTION CHAMBER:

A NEW CONCEPT FOR NEUTRINO DETECTORS

C. Rubbia

ABSTRACT

It appears possible to realize a Liquid-Argon Time Projection
Chamber (LAPC) which gives an ultimate volume se
a drift length as as 30 cm. Purity of the ar
nological problem. Preliminary investigations
this would be feas . In this case a
hundred-ton neutrino detector with good vertex detection capabilities

could be realized.

nsitivity of 1 mm® and
gon
seem to indicate that

long is the main tech-

ible with simple techniques multi-

GENEVA

1977

360 8" PMTs coated with TPB.
» Almost full CRT coverage.

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

Wire planes (anode)
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A & & | NJIY foise froatend amplifier
A Compact layout: botlanalog+digital
electronics hosted n_a smgleflange

ICARUS T600

10 /;fers mini-crate ¢
hosts 9 boards (576

change Isw 4

®Connectivity

ICARUS PMTs
behind the wire
planes (90 per
TPC)

_ Providet, of any
L ionizing event ir

\.\ N
3} o
= S the TPC
3 e 3
~
Hadronic interaction - : : ! Muon stopping and decaying il
280 cm 130 cm
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MicroBooNE

o MicroBooNE _ physics run completed
« 1701 of LAr (87 t active), 470 m from target.
« 1 TPC with 2.5 m drift.
« 32 8" PMTs on acrylic support coated with TPB.
» Top and side CRT.

A UV calibration LASER (See slides also frorilagnus Handley and
Afroditi Papadopoulou@Nufact25)

. '"’”"Wfrm«({,«,W,,-m}((, AR
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M ICrOBOON E Deep Learning

¥ Convolutional Neural Nets

(Leverage advances in computer Visic
and Al techniques to identify neutrino
interactions or label pixels)

Y pl wil
plane w

rection ‘ Calibration LASER
(multiphoton ionization)
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MicroBooNHEs the first ~100

. Steerable

L. experimentinstrumented 20 100150 20 el & wmirror

Wlth COId C M OS AS I CS JINST 12 (2017) no.03, P0O3011, PRD99 (2019) no.9, 092001

ASIC Configuration Board
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o SBND _ Running (first physics run completed)
S B N D « 2601t of LAr (112 t active), 110 m from target.

E 2 TPCs with 2 m drift

120 8” PMTs (96 coated with TPB), 192 X-ARAPUCA
modules, TPB coated reflector foils on the cathode.

41t CRT (cosmic ray tagger) coverage
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Modular photon detection system mounted
behind APAS

Mesh

AR AR RN
SN S NS N8 NN\ NN

Foil plates

ARAPUCA Wavelengthshifting reflector foils (TPB coated)

apr® E\ \. mounted at the cathode to Improve the
XARAPURCA R&D i uniformity of collected light

6! RSOAOS T2NJ au'/l]1z,LrJLJ)\)/EI£ LK2G2ya G2

increase the active area &iPN 0
430 nm [~ ¥
B , )
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DUNE Deep Underground Neutrino Experiment (DUNE)

1100+ collaborators from 178+

g10"; - -
institutions in 32+ countries g £ =
=10 by
- e J’ h,
v,/v,Beam g p | | Tl
1300 km baseline, from Fermilab to SURF 3" o i e
1.2 MW power (2026), up to 2.4 MW (Il phase, 2032) = =
L I e SO0 O O
Far Detector (FD) " R e o N1 S
Hosted at SURF, South Dakota ettt L L
New hall, 1.5 km depth R s
4 LAr-TPC. 40ktons fid. vol. (70 ktons in total)
First module operational in end 2020s
Near Detector (ND)
Hosted at Fermilab
Sanford Underground
Research Facility Fermilab

(See also slides from e ’ “somien [
. ’ ) - xilome - N

Pierre Granger B e tild

@ Nufact25)
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Membrane Cryostat Technology

A Membrane cryostat technology developed fgr LNG
0 NJ v & LJ2 NJienginkekedJbr LARHPGIS
detectors

A Used byprotoDUNESDUNE, SBND and Darksif
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Plywood

Insulation: reinforced
polyurethane foam
(LNG tech)

secondary
membrane: gas
containment
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DUNE Far Detectersrealizations: HD, VD

First 2 modules, each one i T e i
holds 17 kt Argon total : Jih .. " R '1\ R '
- Horizontal (charge) Drift il | =S|I !
* Vertical (charge) Drift i |

HD
Anode Plane Assemblies : Charge Readout Planes :
Wire chamber technology perforated PCB technology

Drift length 350 cm -> ~ 180 KV Driftlength ~ 640 cm -> ~ 300 KV
9800 m3 = 13.2 ktons active LAr 10180 m3 =14.2 ktons active LAr

Photon detectors on the cathode at

300 KV
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6.324 m

< Z
R N = /“,‘ . / [
\Y & %f/ 71l |
> ‘ €& [ B

D U N E APA FaCtOneS Aiming to produce 150 APAs in total o oqhin UK

o /J /! |
v A »'/.:

Collection (X) and Grid (G) wires

2.316m

it L £ | I
T e,

icago, us

[6-8,21,22]
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Vertical Drift Single Phase LAr TPC w

Evolution fromProtoDUNBP

2 x 6.5 m vertical drift

3mx3.4m CRPs
with superstructure

- Three view anode layout with perforated PCBs
- +300°, -30°, 90° strip orientation with 5.1mm
collection, 7.65mm induction strip pitches
- 3072 readout channels for each CRP

CRP detail with readout
planes and adapter boards

Collection 90°

Perforated readout strips

Signal cables to
FEE in chimney
(]
Adapter Board ]
‘- Ground plane (0V)
n Collection (+1K)
W T T T a ] danode
['_'] Induction 2 (OV)
(] Induction 1 (-0.5kV)
11 (11 | Anode 1|
|| Shield (-1.5kv)

Induction 1
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ProtoDUNEs atthe CERN NP
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| ProtoDUNE-HD

bt o
b |

ProtoDUNE-SP

< ¥
| I %
=

ProtoDUN&P/HD (Wires)

7 GeV - Pion Interaction

Example of cosmic data:

Collected Charge [ADC]
0

[pdhd] Run 32642-0 event 0 (trigger 2)
Fri Nov 1 17:44:39 2024 Induced Charge [ADC]
100

b, AN —40 —-20 0 20 40 0 5
APA3 - View 0/U (Ind.) APA3 - View 1/V (Ind.) APA3 - View 2/Z (Coll.)
2000 - 2000
—. 4000 1 L4000 —
%4 P
2 o
E 6000 L6000 E
= =
8000 L8000
10000 A 1 = L 10000
e
8000 250 500 750

0 200 400 600 8000 200 400 600
View Channel

[6-8,21,22]
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Argon purification

: 10°
NPO4 run in 2024 \
102 100ms
g 30ms
Purity levels of LAr x10 € ool
¥ i E
higher than required g | 3ms
= i d’ 109 -
No purity loss in 6 months —
> PrM Mid
- ProtoDUNE-II-HD Pedestal Noise after Offline Noise Filtering B . N . . < . " > . 7: i T‘tp
1 4 A A © © ) N
;i; nr:::ct::ntfay::s 101&\%\" 101,,\03\*1 1&.,\%\" P \o@s‘ 101,_\%0 101&\04& 101,‘\0*\\“ 101,_\09\\0 o oo 101,,\%\09 01“‘090

1000 - - Collection Layers

800 -

Excellent overall noise performance (comparable
or better than ProtoDUNE 1I)

600 fh3 " g ]

Pedestal RMS (e~ ENC)

400 -

200 A

0 T T L] Ll Ll
0 2000 4000 6000 8000 10000 @
Channel
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Cosmicsample event

)
oav

T T T T T
700 800 900 1,000 1,100
Channel No

Bottom CRP Collection

Run 37220 Trigger Record 4 2025-07-10 14:55:07
6500 500

6000 400

o

£

= ®
X~ L
2 300 =
< 5500 bat
£ »
N ]
o 200 ©
% 5000 b=
= 2
g 100 3
= w0
4500 S
&

4000

-100
1000 1020 1040 1060 1080 1100 1120 1140 1160

Channel Number

S kssaas 111V
R

Crezz/t:. CERN Credit: CERN [6-8 21, 22]
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DUNE Photon Detection Sy#{i@RAPXICA \-ar 7" %ww

Photon trapping through: e
(See also talk bZarmen Palomares @Nufact25) Total internal reflection in the WLS
Trapping through dichroic filter - 4somm

v’ Bar shaped modules | ¥ Square modules o s
v/ 200 x 10 cm? v' 60 x 60 cm?
v’ 4independentread- | v 2independent read-
out channels out channels
v/ 4x48SiPMs ganged | v 2x80 SiPMs ganged
together together

Efficiencies between 2% - 4%

Half of the |
—— | modules at 300 kV :
o \=>PoF and SoF

Warm Warm

S Y, &
o ) [6-8, 22]
Power-over-Fiber Signal-over-Fiber
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Optimising further S1 photon detection effdrdXy

R&D for phase Il of DUNE APEXAluminum profiles with embedded XARAPUCA

Standard VD
FC module

PD Module

e oW o o 8 = ~50x50 cm?
F-=Ynugl Al profile structure
3m x 6cm
SN APEX panel vertical FR4 |-beams
6%6 array

arXiv:2312.03130

* Optical coverage >55% with light trap technology

* Enhanced light yield (LY) and uniformity of PDS response
* Integrated VD TPC Field Cage + Photon Detector System

1

il

* P(S)oF technology for power and signal in/out of the field cage &

/

4

A

il

* Non-conductive optical fibers, readout electronics on HV surface

2ton ploietype
@CERN [23]

/
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Optimising further S1 photon detection effc\&fkdy

R&D for phase Il of DUNE

Full coverage of the field cage with PEN WLS

Large arrays of SiPMs mounted on the
membrane - Light Detection Units (LDUs).

VUV-sensitive SiPM as an active veto;

ESR reflector (reflectivity 98% in the visible)
installed on the membrane;

Cathode (partially) covered with PEN and
eventually reflector

S1

Cage

. Scintillation VUV
photons converted by
PEN

. Converted photons (420
nm) can be detected
directly on the LDU

« Can hit the reflector and
bunched back in the
active volume

« Can be detected by an
LDU on the other side of
TPC, or after several
reflections

See slides from\ndré Steklain@Nufact 25
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LArTP§Ingle phagtxel Technologies

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