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TPC-based near detectors for long 
baseline neutrino experiments

 https://indico.cern.ch/event/568177/
Apologies if your talk of interest is not covered here

Workshop at CERN Nov 8-9 2016

https://indico.cern.ch/event/568177/
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Motivations

● TPCs are in use with success in the near detector ND280 of 
T2K, and are envisaged for the DUNE near detector 

● Recent development in neutrino oscillations (measurement of 
the θ13 angle, recent search for CP violation) stimulate even 
further this domain

● The new long baseline programs (Hyper-Kamiokande, DUNE) 
are a HEP priority for the next decade

● Recent progress in MPGD, electronics etc. enable more 
advanced performance

● A High Pressure TPC could be the ultimate detector for the 
study of neutrino-nucleus interactions



 
Marco Zito
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T2K first search for CP violation

19% of full data set: 50 %nu, 50%antinu

2016 2021 2025

HK

x5 x20x4

T2K-I   T2K-II
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T2K-II phase and TPC-based ND upgrade

● T2K aims to continue data-taking from 2021 to 2025

● 400 nue appearance events at the far detector

● Needs to reduce the systematic uncertainties to 3-4%

● Upgrade of the near detector to be installed in 2020

A. Blondel
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A. Blondel
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M. Nessi
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M. Hartz
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C. Giganti
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The existing TPC of the T2K near 
detector
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E. Radicioni
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The existing T2K ND TPC

E. Radicioni
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E. Radicioni
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E. Radicioni
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C. Giganti
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M. Hartz



17

New atmospheric-pressure
 TPCs for T2K
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M. Yokoyama
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D. Sgalaberna
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New TPC for T2K Near Detector

M.Z.
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Components of the new TPC

We had a full session with talks by

● I. Giomataris(CEA) MPGD

● F. Cadoux(Geneva Un.) Mechanical structure

● R. Guida (CERN), Gas system

● D. Calvet (CEA), M. Ziembicki (Warsaw), A. Oskarsson 
(Lund): Electronics

● J. Steinmann (RWTH Aachen) TPC Calibration

● Y. Kudenko (INR Moscow) TOF counters
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I Giomataris
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I Giomataris
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Modular system with these building blocks:
Supply, monitor, mixer, purification, analysis

R. Guida
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12-bit ADC

Serial Interface Mode CKIn Test CSA;CR;SCAin;DISCRIin(N°1)

“Spy” Mode Readout 
Mode

SCA controlSLOW CTRL
W / R CK

TEST Reset

AGET

512 cells

SCAFILTER

tpeak

CSA

1 channel

64 channels

ADC

Charge range
DAC Discri

inhibit

BUFFER

x68

Hit register

Σ 64 discri.

SCAwrite

Trigger pulse

Design facts of AGET
0.35 µm AMS CMOS
28 x 28 mm 160-pin LQFP
Pin-compatible with AFTER (8 channel less)

1. built for the T2K neutrino oscillation experiment

* In red: differences between AFTER and AGET

Main characteristics
 72 64* channels, pos/neg set by register, 120 fC to 10 pC (4 ranges), 100 ns-1 µs peaking (16 
values)
 511 512 time-bin SCA. Sampling: 100 MHz max. Requires external ADC, 12 bit / 25 MHz max
Self trigger: 1 discriminator per channel; Analog multiplicity signal. Can be used to make L1 trigger
Hit Channel Register: hit pattern can be used to make L2 trigger. Hit pattern can be modified before 
SCA digitization, e.g. enable channels which are neighbor to hit channels 
SCA readout modes: all channels, hit channels only, channel set defined on-the-fly
Optional internal charge sense amplifier and filter bypass for use with external preamplifiers
SCA split mode: 2 banks of 256 time-bins. Can take 2 triggers close apart before digitization

2. Built by the GET collaboration for active target TPCs

D. Calvet
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TPC calibration

J. Steinmann

Laser calibration for 
E and B field 
distortions

Monitoring chambers 
for drift velocity and 
gain calibration
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A high pressure TPC for neutrino 
long baseline experiments



 Marco Zito 28

T2K TPC: ν interaction in the gas
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M. Wascko
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A. Kaboth

A high pressure TPC is under study as DUNE near detector

J. Martin-Albo
J. Martin-Albo
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High pressure TPC
● HPTPC R&D in Spain for neutrinoless double 

beta decay (JJ Gomez Cadenas)
● HPTPC R&D in Japan for neutrinoless double 

beta decay (T. Nakaya) 
● HPTPC R&D in Spain for DM (F. Iguaz-Gutierrez)
● HPTPC Studies for DUNE (J. Martin-Albo Simon)
● HPTPC R&D in UK for CPV (M. Wascko) 
● HPTPC R&D in Spain for LB neutrinos (T. Lux) 
● HPTPC R&D in France (A. Delbart) 

A. Delbart

M. Wascko

T. Lux
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Facilities and ongoing R&D

A session of the workshop was 
dedicated to the RD51 coll. and its 
facilities, and to ongoing R&D like the 
ILD TPC

F. Mueller

E. Oliveri
T. Geralis
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A. Delbart
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Next steps

● An expression of interest on TPC-based near detector for neutrino 
experiment is in preparation, to be submitted to SPSC, in synergy 
with a High Pressure TPC R&D

● Next meeting in London in February-March 2017
● There are plans toward a prototype to be tested at CERN towards 

the end of 2017
● Wonderful opportunity to build a state-of-the-art TPC detector, 

learn about neutrino interactions and join the world-leading long-
baseline experiment

● Please contact us if you are interested
● New collaborators are welcome!
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Back-up slides
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M. Hartz
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M. Hartz
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M. Hartz



THE FEMINOS: AN EVOLUTIVE SYSTEM COMPATIBLE 
WITH AFTER AND AGET
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Main features
For small to medium scale systems 6K channels
Close to the lowest possible dead-time of AFTER 
and AGET to reach high event rate
External trigger or basic self trigger on multiplicity
Low cost system in a light infrastructure

FEMINOS Board

T2K FEC: 4 AFTER chips
288-channels

MINOS FEC: 4 AGET chips
(pin-compatible with AFTER)
256-channels

OR
×24 max. i.e.
6K channels

Feminos system used in ~10 different projects
Production halted. Improved version being designed

D. Calvet
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