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History-landscape

● The first TPC ever built (PEP-4) was a high 
pressure TPC at 8.5 bar (early proof of 
feasibility!)

● Today high pressure TPCs are being actively 
studied for neutrinoless double beta decay 
searches (NEXT, PANDAX-III)
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Features in neutrino interactions
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Distortion of reconstructed neutrino energy
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The neutrino energy reconstructed in the CCQE kinematic hypothesis. T2K 
studies indicate that precision measurements (most notably theta23) will be 
affected by these features. 
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Particle spectrum in neutrino 
interactions

0 200 400 600 800 1000 1200 1400 1600 1800 20000

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 200 400 600 800 1000 1200 1400 1600 1800 20000

500

1000

1500

2000

2500

3000

3500

Observation of low 
energy protons below 
the Fermi momentum 
would be the signature 
of phenomena beyond 
CCQE. 
Extraction of physical 
information would need 
to disentangle FSI, 2p2h 
and other effect
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Gas versus liquid argon

A high pressure TPC is uniquely sensitive to very low momentum 
protons: more complete picture of the dynamics of the neutrino 
interaction with a nucleus
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T2K TPC: interaction in the gas
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T2K TPC: interaction in the gas
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Motivations-considerations

● A high pressure TPC would be a unique detector to precisely reconstruct 
the low momentum charged hadrons emitted at the neutrino vertex

● Need to be surrounded by a calorimeter
● Despite early ideas/dreams, it will be very difficult to have oxygen nuclei 

in the target: oxygen, high pressure and long drifts are in conflict
● In my opinion, it will also be difficult to operate the device with a wide 

variety of gases, but argon and neon based mixtures are possible
● For Hyper-Kamiokande, it should considered as a very valuable 

associated experiment, rather than a near detector. It does not even need 
to sit on the same beamline

● On the other hand, it is ideally suited as a near detector for an argon-
based long baseline project like DUNE  
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LAGUNA-LBNO near detector

● The most advanced study of a high pressure 
TPC was conducted in the framework of the 
LAGUNA-LBNO (2011-2014) design study

● HPTPC considered as a near detector
● Full simulation studies conducted
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LAGUNA-LBNO Near Detector
From LAGUNA-LBNO final report
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From LAGUNA-LBNO final report
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From LAGUNA-LBNO final report
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Items for R&D

● Overall design and optimization of the detector
● Pressure vessel
● Gas mixture
● Gas amplification devices

Notice possibility to adopt innovative features developed by the ILC-
TPC collaboration including resistive micromegas (charge spreading), 
readout electronics mounted directly on the Micromegas back plane, 
low mass cooling …

Notice also the synergy with the T2K near detector upgrade plans 
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Bulk Micromegas

Proven technology. Saclay equipped with a new production line. 
Micromegas technology succesfully transferred to industry as part of the 
ATLAS New Small Wheel Phase I upgrade. Can also count with CERN 
(R. De Oliveira) workshop
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Resistive Bulk Micromegas

● Several advantages (charge spread, intrinsic 
spark protection)

● Pro/con need to be evaluated
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Microbulk technique
R. De Oliveira
+R&D by Zaragoza group
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ILC TPC R/O electronics

Size: 1/10 of a T2K TPC FEC, for the same number of channels. Flat readout 
achieved for a pad size of 3x7 mm**2 
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Saclay high pressure test vessel
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High pressure vessel at Saclay

● We have designed a high pressure vessel (12 bar) now 
in the phase of procurement (at Saclay in September)

● It is aimed at testing 50x50 cm**2 LEM (thick GEM) for 
the WA105 project and will be used until mid-2017

● It can host a small TPC setup (50x50 cm**2 for the 
readout, 20 cm drift)

● Possible items that can be studied: gas amplification 
devices (bulk Micromegas, microbulk …), gas mixtures, 
readout electronics
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Next steps

● In July 2015 a workshop on HPTPC took place at 
IFAE and F. Sanchez coordinated a European ITN 
proposal (unfortunately not approved by EU)

● The group of people interested (France, Switzerland, 
UK, Spain, Poland, Italy …) is practically the same 
as those interested in atmospheric pressure TPC for 
the T2K-II near detector upgrade

● Moreover a HPTPC is also a very appealing option 
for the DUNE near detector

● We aim to submit in the autumn an EOI to SPSC for 
the development of TPCs for neutrino experiments 
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Conclusions

● The HPTPC is a very powerful detector to shed light on 
neutrino interactions

● Several preliminary studies have already taken place
● But the time has come to plan a more systematic R&D and 

prototyping effort 
● We should build on the existing tools and platforms, like the 

Cern neutrino platform and the EU funded projects to 
facilitate the next steps

● Based on the strong collaboration already active in HK, 
T2K, the T2K TPC and the T2K ND upgrade project 
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