
A hybrid high pressure time projection chamber 
for neutrino experiments
A hybrid high pressure time projection chamber 
for neutrino experiments
Alexander Deisting

Alexander Deisting - alexander.deisting@cern.ch - Royal Holloway University of London, UK

A high pressure Time Projection Chamber (TPC) at an intense neutrino beam can serve as an experiment examining 
neutrino-nucleus interactions. The high pressure gas inside the TPC is at the same time the target for incoming neutrinos 
and the counting gas of the TPC. Whilst TPCs filled with a liquid offer a higher target density, gas TPC can be 
magnetised and thus measure momentum and they have a lower momentum detection threshold than liquid filled TPCs.

Neutrin-nucleus interactions:
A neutrino or antineutrino scatters 
with a nucleus in the TPC gas.

The (anti)neutrino interacts with a nucleon in the nucleus. This 
nucleon transforms to a proton (or neutron) and a lepton is emitted. 
The final nucleon can interact further with the nucleus. In the final 
state several nucleons and other particles may be emitted from the 
nucleus in addition to the lepton.

Protons emitted from the nucleus can have momentum of only a few 100 MeV or 
less, hence measuring final state interactions requires a detector which can 
resolve tracks with a length on the order of 1 cm.
  
Focusing a camera with a lens system on a gas amplification stage allows to 
achieve a small effective readout segment size at a low cost per pad. For example, 
the HPTPC prototype achieved an effective pad size of a few 100 µm squared 
over more than 1 square meter using four cameras, each of which having 9 Mpx. 
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Electrons produced along the tracks of 
ionising radiation drift in an electric 
field towards the gas amplification 
stage. Here they are multiplied in a gas 
amplification stage. During this process 
photons are created which are imaged 
by the camera(s) of the optical readout. 
A coarse charge readout provides 
additional information about the tracks’ 
orientation perpendicular to the camera.

Concept of a hybrid readout TPC:

Why and where to measure neutrino-nucleus scattering

Examining neutrino-nucleus scattering allows to measure the corresponding cross-
sections, which are a crucial ingredient when analysing data of (long baseline) neutrino 
oscillation experiments, such as DUNE and Hyper-K. These experiments also provide 
an intense neutrino beam which would allow to perform such a measurement with a 
high pressure gas TPC.

The hybrid readout high pressure TPC prototype [arXiv 2102.06643]

A hybrid readout high pressure TPC with one cubic meter of active volume has been 
commissioned at Royal Holloway, University of London [arXiv 2102.06643]. The 
TPC uses four CCD cameras, each imaging an area of 72 by 72 cm squared in the 
plane of the gas amplification stage. The latter consists of a cascade of three 
meshes. At each of which induced charge signals are decoupled from the high 
voltage supply and read out.
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Within AIDA innovation we, that is 
researchers from Imperial College London, 
INFN and Politecnico di Bari, Instituto de 
Fisica Corpuscular, Oxford University, Royal 
Holloway, University of London, University 
of Santiago, aim at the development at a 
hybrid readout high gas pressure TPC 
demonstrator. This device will show the 
technological readiness of the concept and 
make such a TPC an option for a neutrino-
nucleus scattering experiment at a strong 
neutrino source as e.g. the Hyper-K or DUNE 
neutrino beam. One option for the gas 
amplification stage of a future hybrid TPC 
could be gas electron multipliers (GEMs). 
(See the set-up currently commissioned and 
the simulation to the left.) This research 
receives funding from the European Union’s 
Horizon 2020 Research and Innovation 
programme under GA no 101004761.
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