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Outline

• Detector tests and commisioning for DUNE/ProtoDUNE project

• ASIC developments (LTARS and Cryo-CMOS) for charge readout in 
cryogenic environment

• Summary
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LAr-TPC for neutrino measurements

• High-res (~ a few mm) 3 dimentional 
imasing of tracks
• Excellent capabilities on energy loss 

measuement and PID
• Liquid Ar (LAr) is relatively cheap

 (good for large-scale detector)

• The frontend equipments, such as 
frontend readout electronics, are 
exposed to cryogenic environment
oBoiling point of LAr: ~87.3 K

19/May/2026
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Figure 1.5: The general operating principle of the SP LArTPC. Negatively charged ionization electrons
from the neutrino interaction drift horizontally opposite to the E field in the LAr and are collected on
the anode, which is made up of the U, V and X sense wires. The right-hand side represents the time
projections in two dimensions as the event occurs. Light (“) detectors (not shown) will provide the t0
of the interaction.

Figure 1.6: The general operating principle of the DP LArTPC. The ionization charges drift vertically
upward in LAr and are transferred into a layer of argon gas above the liquid where they are amplified
before collection on the anode. The light detectors (PMTs) sit under the cathode.

Introduction to DUNE The DUNE Technical Design Report

General operating principle of LAr-TPC

JINST 15 T08008 (2020)

Light(γ) detectors which will provide 
the t0 of the interaction
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Stable operation of readout electronics in cryogenic 
environments is critical
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The Deep Underground Neutrino Experiment (DUNE)

• Main physics goals:
o Measurement of the neutrino mass hierarchy,  the amount of CP violation in the leptonic sector
o Detection of low energy neutrinos such as neutrinos from supernova bursts or the Sun
o search for nucleon decay and other beyond the standard model phenomena

• Planning to construct ~40 kt scale LAr-TPC for the far detector

19/May/2026 JINST 15 T08008 (2020)

Chapter 1: Executive Summary 1–4

Grand unified theories (GUTs), which attempt to describe the unification of the known forces,
predict rates for proton decay that cover a range directly accessible with the next generation of
large underground detectors such as the DUNE far detector. The experiment’s sensitivity to key
proton decay channels will o�er unique opportunities for the ground-breaking discovery of this
phenomenon.

1.1.2 The DUNE Detectors and Supporting Facilities

To achieve its goals, the international DUNE experiment, hosted by the U.S. Department of
Energy’s Fermi National Accelerator Laboratory (Fermilab) in Illinois, comprises three central
components: (1) a new, high-intensity neutrino source generated from a megawatt-class proton
accelerator at Fermilab, (2) a massive far detector (FD) situated 1.5 km underground at the San-
ford Underground Research Facility (SURF) in South Dakota, and (3) a composite near detector
(ND) installed just downstream of the neutrino source. Figure 1.1 illustrates the layout of these
components. The far detector, the subject of this technical design report (TDR), will be a modular
liquid argon time-projection chamber (LArTPC) with a fiducial (sensitive) mass of 40 kt1 (40 Gg)
of liquid argon (LAr), a cryogenic liquid that must be kept at 88 K (≠185°C). This detector will
be able to uniquely reconstruct neutrino interactions with image-like precision and unprecedented
resolution [1].

Figure 1.1: Cartoon illustrating the configuration of the LBNF beamline at Fermilab, in Illinois, and the
DUNE detectors in Illinois and South Dakota, separated by 1300 km.

The Long-Baseline Neutrino Facility (LBNF) project, also hosted by Fermilab, provides the beam-
line and the civil construction, called conventional facilities (CF), for the DUNE experiment. The
organization and management of LBNF is separate from that of the experiment; its design and
construction are organized as a U.S. DOE/Fermilab project incorporating international partners.

The LBNF beamline at Fermilab will deliver the world’s most intense neutrino beam to the near
and far detectors in an on-axis configuration. The upgrade to the Proton Improvement Plan
II (PIP-II) [2], a leading-edge, superconducting, linear proton accelerator under construction at
Fermilab, will deliver between 1.0 and 1.2 MW of proton beam power from the Fermilab Main
Injector to LBNF, which will aim and focus the beam, whereupon the protons, in a wide energy

1For comparison, this is nearly twice the mass of the Statue of Liberty and nearly four times that of the Ei�el Tower.

Introduction to DUNE The DUNE Technical Design Report

• A next-generation long-baseline neutrino oscillation experiment using the Fermilab 
accelerator facility and the SURF in USA

• Aiming to start the experiments at around the end of FY2029
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1st DUNE Far Detector Module: Vertical-Drift (FD-VD) : 
15 kt of active LAr volume
Japanese groups historically involved in the Top-Drift Electronics (TDE) Consortium in collaboration with 
IN2P3 groups

Cathode surface at -300 kV
à E~500V/cm

UV photon 
detectors on 
cathode and 
cryostat walls

Top and bottom anode charge 
readout surfaces: 

Made of 80+80 Charge Readout
Plane (CRP) units 3x3.375 m2

Each unit: 2 stacked layers of 
segmented perforated PCBs

Cryostat roof with TDE 
Chimneys containing
analog cryogenic FEB and 
µTCA digitization readout

60 m

13.5 m

13 m

1/40
Prototype in 
CERN 
cryostat

E

E

Strips 5 mm
Holes 2.4 mm
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TOP-DRIFT Electronics (TDEs)
DUNE FD-VD module
(Synoptic for a single chimney unit)

à Complete charge readout system 
      optimized for the top-drift volume

• Analog low-noise cryogenics electronics 
• Digital electronics, uTCA
• Timing (White-Rabbit)
• Ethernet DAQ 
• Ancillary systems (LV, calibration etc ..)
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The DUNE prototype experiment (ProtoDUNE)

19/May/2026

ProtoDUNE

HD

•  ProtoDUNE Horizontal drift is an 800t active mass TPC, 
making it the largest LArTPC constructed.

• ProtoDUNE successfully operated in 2018 and is preparing 
for its second run now (ProtoDUNE-II)

Figure: CERN.

Figure: CERN Neutrino Platform.

M. Man | DPF-PHENO | May 13th, 20243

VD

Prototypes of 2 DUNE far detector (FD) modules, located at CERN

Two LArTPC designs:

• Horizontal drift (HD) technology

• Vertical drift (VD) technology

ProtoDUNEs II at the CERN NP

23 Jan. 2025  ProtoDUNEs, Neutrinos @ CERN C. Touramanis 4

NP02
VD

NP04
HD

ProtoDUNEs II at the CERN NP

23 Jan. 2025  ProtoDUNEs, Neutrinos @ CERN C. Touramanis 4

NP02
VD

NP04
HD

NP02

NP04

• Prototypes of the DUNE detectors are constracted and tested at the CERN neutrino platform
• Part of full size detectors (1 module)

o Active volume: ~1 kt

(Horizontal-Drift)
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Module-0  VD assembly test in NP02
 • Two final top-drift CRPs (CRP2 and CRP3) + TDE readout testing completed by October 2022 in Cold-Box

• 6144 readout channels (96 FEB boards and 96 AMC boards)
• Use of existing NP02 10 FEB chimneys à 10 uTCA crates with 10 AMC each 
• Very high bandwidth readout system 400 Gbit/s network infrastructure

• Module-0 integration successfully completed in June 2023

• Detector filled with LAr at the end of 2024 and operational
• Detector exploitation with beam was conducted in summer 2025 
• Testing of the signal readout components are continued in the FY2026

Top-drift 
readout

Cathode
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DUNE/ProtoDUNE activities in the FY2025
Ø Took part in the beam tests using the ProtoDUNE-VD detector

• To TDE data taking 
 D. Autiero (Lyon/IP2I), E. Pennacchio (Lyon/IP2I) and R. Hosokawa (Iwate U.)

Ø Investigation on noise problem on CRPs at the CERN Neutrino Plattoform
• A. Morita (Iwate U.), R. Hosokawa (Iwate U.)
• In collaboration with the DUNE colleagues:

D. Duchesneau (LAPP/IN2P3), F. Boran (Indiana U.), N. Gallice (BNL),
 T. D. Stokes (Yale U.)

On-site tests will continue in the FY2026 and we’ll perticipate in the activities  

04/03/2026 CRP coldbox status  8

In parallel: high resolution photos were systematically taken of all edge cards (old and 
new) to compare if needed
Old card

New card

All photos are available on:
https://cernbox.cern.ch/s/Ypxz4vZis7qWzsU

CRU8b collection
edge 
card# FEMB# photo : old photo: new

24 13 248 249
23 13 250 251
22 14 252 254
21 14 255 256
20 15 257 258
19 15 259 260
1 24 261 262
2 24 264 263
3 23 265 266
4 23 267 268
5 22 269 270
6 22 271 272

CRU8b induction
edge 
card# FEMB# photo : old photo: new

7 21 274 275
15 17 276 277
18 16 278 279
11 19 280 281
16 17 284 285
14 18 287 288
13 18 289 290

CRU6a collection
edge 
card# FEMB# photo : old photo: new

4 2 291 292
6 3 293 294

19 10 295 296
23 12 297 298

Improvements to and installation of PCBs for noise-reduced signal transmission

04/03/2026 CRP coldbox status  7

Run taken with CRP in Faraday cage (Feb 26 to March 2nd) :

Analysis to be completed

measured at several moments after replacing edge cards (EC)

After replacing the 12 
collection EC on CRU8bBefore replacing edge cards

After replacing 7 induction  EC on CRU8b and 4 collection EC on CRU6a

CRU8b induction
edge card# FEMB#

7 21
15 17
18 16
11 19
16 17
14 18
13 18

CRU6a collection
edge card# FEMB#

4 2
6 3

19 10
23 12

CRU8b collection
edge card# FEMB#

24 13
23 13
22 14
21 14
20 15
19 15

1 24
2 24
3 23
4 23
5 22
6 22

N
ot
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cc
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si

bl
e

N
ot

 a
cc

es
si

bl
e

1 2

3

N.B: FEMB5 (CRU6a) is not powering ON, and is 
removed from data taking in Faraday cage (seems a 
FEMB connection pb)
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Beam injection point
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DUNE/ProtoDUNE activities in the FY2025
Ø Visit to Lyon/I2PI

• A tour of TDE's Quality Control Facility
• Discussion on the cryogenic electronics development that is led by Japanese group

• D. Autiero (Lyon/IP2I), S. Galymov (Lyon/IP2I) , A. Morita (Iwate U.), and R. Hosokawa (Iwate U.)

ü Visits (to CERN,Lyon) of A. Morita were supported by the TYL-FJPPN Early Stage Researcher 
Secondment program

Visit to Lyon
ØTour of the TDE QC test setup
ØDiscussion with Dario regarding this year's Japan-France project 

and the proposal for next year

2026/03/27 11 10



Low Temperature Analog Readout System (LTARS)  

19/May/2026

• A project of new signal readout cryo-ASIC is in progress
• The R&D has been led by Iwate-KEK group 

o The latest ASIC has amplifier and ADC on-a-chip

2026 Joint workshop of FKPPN and FJPPN, ACT CITY HAMAMATSU Congress Center

Current targeted design specifications

Parameter High Gain 
(HG)

Low Gain 
(LG)

Peaking 
Time 1 us, 4us

Conversion 
Gain 10 mV/fC 0.5 mV/fC

Dynamic 
Range ±80 fC ±1600 fC

ENC <3000 e- <62500 e-
1ch out of 16 ch

The latest LTARS ASIC (LTARS16A)

Analog part Digital part

Performance evaluation and debug/improvemnts will be conducted 
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Further challenge to extremely low temperature environment
- Cryogenic CMOS ASIC (Cryo-CMOS)

19/May/2026 2026 Joint workshop of FKPPN and FJPPN, ACT CITY HAMAMATSU Congress Center

Ø Challenge of Developing Signal Readout Electronics for Extreme 
Cryogenic Environments (LHe temperature (~4 K) or even lower)
• 22nm planer bulk CMOS process

Ø In the FY2025, Low-temperature operational tests were conducted on a radiation-hardened ADC (RAD-ADC) in 
order to evaluate the operational characteristics of CMOS in an extremely low temperature environment (~4 K).
- Conducted by A. Morita (Iwate U.) et al.

• 65 nm CMOS process
• 10-bit SAR (Successive 

Approximation Register) ADC
• Implementation of a comparator 

accuracy compensation circuit
• Integrated a compensation circuit 

for operating speed degradation due 
to increased transistor threshold 
voltage.

We’ll  designe and fabricate a new readout ASIC using 22 nm CMOS process 
in the FY2026
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Overview of the project

19/May/2026

IP2I Lyon group Iwate-KEK group

LTARS/Cryo-
CMOS project

Application to 
future upgrade?

ProtoDUNE-VD/DUNE 
project

• R&D of the ASIC
• Integration tests with a LAr-TPC

• Technical exchange on the 
cryogenic electronics

• Commisioning and operation of the TDEs
• Detector operation and data taking
• Calibration and  data analysis for physical measurements

• Technical supports on the TDE
• Human resouces

• Human resources
• Lead the R&D

Application 
to future 
experiments

Feedback 
from the TDE
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SUMMARY
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ØPrototype testing of the LAr-TPC detector for the DUNE experiment (ProtoDUNE) and 
the fabrication of detector components are currently underway.

ØUnder the support of the TYL-FJPPN framework, we conducted prototype detector 
testing with beam at CERN, as well as testing of the signal detection components 
(CRPs) and readout circuits.
• The detector testing work will continue to be carried out through FY2026.

Ø Under the support of the TYL-FJPPN framework, we engaged in technical exchanges in 
the FY2025

Ø Advancement on the development of next-generation signal readout circuits for 
cryogenic environments will be conducted in collaboration with France and Japanese 
group
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Backup
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The DUNE Far Detector

19/May/2026

DUNE Far Detector 2

10

FD2 features 
• First FD to be installed: cryostat install Q3 2024!
• The state-of-the-art: draws from the strengths of many liquid argon 

prototypes and experiments
• 6.5 m vertical drift distance, maximized active volume 14,190 ton
• Simplified charge readout plane (CRP) perforated PCB, reducing 

overall costs to FD1
• Power-over-Fiber (PoF) technology enables photodetectors  

(X-Arapuca) deployed on 300 kV high voltage surface in LAr
• Noise immunity, voltage isolation and spark free
• First-ever realization in cryogenics and particle physics

Ø There are two detector concepts; DUNE FD1 and FD2

DUNE FD1

11

X-Arapuca
DUNE Preliminary

FD1 features 
• 3.5 m horizontal drift distance (180 kV 

cathode), 4 drift volumes
• Active volume 13,661 ton 
• Charge readout: wire planes (3 layers)
• Photodetectors (X-Arapuca) behind anode

• PDE 2-3%
• Mean light yield ~30PE/MeV

• FD1
o Holizontal Drift (HD)

ü ~3.5 m drift length (drift voltage of 180 kV), 
o Active volume: ~13.66 kt

ü 4 drift volumes
o Charge readout: 3 layers wire planes

• FD2
o Virtical Drift (VD)

ü ~6.5 m drift length (drift voltage of 300 kV), 
o Active volume: ~14.19 kt
o Charge readout: Charge Readout Plane (CRP) 

consists of perforated PCB, 
reducing overall costs to FD1
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Requirements on the TDE
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Requirements for the VD Top/Bottom electronics are the same as for the SP electronics 
and this was already the case for the DP electronics (DP TDR 4.1.2)

Requirements

Vertical Drift:

Noise< 1000 e-
Peaking time 1 us
Dynamics 500k e-
12 bit ADC
2 MHz sampling
< 50 mW/ch

Vertical Drift requirements table:
https://edms.cern.ch/ui/#!master/navigator/document?P:100233194:100738416:subDocs

2026 Joint workshop of FKPPN and FJPPN, ACT CITY HAMAMATSU Congress Center 18



7 m

11 m

3x1x1 m3

2015-2017

NP02
ProtoDUNE-DP 2018-2022
ProtoDUNE-VD 2023

Cold-box 2021-2022)

4 m

R&D at IP2I since 2006:
Ø Cryogenic ASIC amplifiers (first cryo-ASIC in the world in 2007)
Ø uTCA digitization
Ø ethernet DAQ
Ø Timing distribution; White Rabbit 

Validation with large-scale applications and prototyping activities at the 
CERN Neutrino Platform 
(EHN1 Hall and Bd 182) 2015-2023

2009 first µTCA system 
with prototype 
digitization AMCs

AMC 
demonstrator 
2014

TDE Development activities 
completed in 2023

Production for FD-VD in progress 
since beginning of 2024 (see next 
slide)
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Readout System for the top-drift volume of FD-VD
80 CRP, 3072 channels/CRP, 246k total channels

Nominal number of elements to be installed on FD-VD  
(production in progress 2024-2026):

• 3840 cryogenic FEB boards (64 channels)
with ASIC 16 channels amplifiers

View of FD2-VD roof

• 105 Chimenys
hosting 48 or 24 FEB boards  
(Mechanics)

• 3840 AMC 
Digitization boards

(64 channels)

Timing system
White-Rabbit
• 320 WR-MCH

• 320 µTCA systems 
with 25 Gbit/s 
MCH

• LARZIC cryogenic
ASIC amplifiers
15360 pieces
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Top Drift Charge Readout Electronics operating on the roof of NP02 ProtoDUNE 
Vertical-Drift at CERN after detector integration exercise completion (June 2023)
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