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There is a significant R&D effort ongoing in the liquid argon (LAr) time projection chamber
(TPC) community. Due to the scintillation and ionisation properties of LAr, coupled with its low
cost, it is possible to construct detectors with immense fiducial volume at a modest cost. It is for
this reason that LAr TPCs are fast becoming the detector of choice for long baseline neutrino
physics experiments. Using LAr TPCs it is possible to provide the large targets required to make
direct observation of neutrino interactions a statistically reasonable prospect. Experiments such
as the deep underground neutrino experiment (DUNE) are proposing the use of 68,000 tons of
liquid argon as the target material of choice shared between four colossal LAr TPCs. In a two-
phase TPC the charge amplification process is performed in the gas phase. By performing charge
amplification in the gas phase it is possible to achieve much higher gains and hence improved
signal-to-noise ratios. ARIADNE is a novel and innovative two-phase LAr TPC pioneering the
direct imaging of secondary scintillation light produced during the charge amplification process
using a THGEM in the gas phase. Optical readout presents many advantages over current readout
technologies such as massive reductions in the number of readout channels, ease of scalability,
upgrade, installation and maintenance as well as cost effectiveness.

ARITADNE is an ERC funded experiment, grant number 677927.
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1. The ARIADNE experiment

The goal of ARIADNE is to mature the optical readout technology first demonstrated at Liver-
pool [1]. ARIADNE will be deployed to a charged particle beamline where the ability to perform
particle identification (PID), electron-gamma separation, cross section studies plus more will be
investigated. The outcome of this experiment has the potential to inform the design of future LAr
TPCs. Figure 1a shows the TPC optical readout detection principle while Figure 1b presents an
image of a cosmic particle captured using the 40-litre prototype detector.
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(a) ARTADNE operating principle. Secondary scintil-
lation (S2) light produced in the THGEM holes during
charge multiplication process can be captured using a
highly sensitive EMCCD camera.

Figure 1: The ARIADNE detection principle and proof of concept.
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2. The ARIADNE detector
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(a) An overall view of the ARIADNE experiment.
The TPC is suspended in the ©1.07m x 2.1m tall
cryostat. The beam window is visible on the left side
of the cryostat.

(b) The ARIADNE TPC. The fiducial volume is 54 x
54 x 80 cm®. The 79 field cage rings spaced 1cm apart
give a maximum drift length of 80cm.

Figure 2: The ARIADNE detector

The heart of the ARIADNE detector is a 54x54x80cm? fiducial volume TPC which is housed
inside of a purpose-built cryostat. The ARIADNE cryostat has a beam window, visible on the left
hand side of Figure 2a. This beam window allows particles to travel through vacuum until they
are close to the fiducial volume, without having to travel through large distances of uninstrumented
LAr. This ensures a tight momentum distribution of the particles entering the fiducial volume. A
total of 79 field cage rings spaced lcm apart provide the uniform drift field inside the TPC. The
cryostat is partially filled with LAr such that the THGEM remains in the gas phase while the rest
of the TPC is in the liquid phase. A segmented THGEM with 16 anodes performs charge mul-
tiplication in the gas phase. Four Hamamatsu R5912-02MOD PMTs provide detector triggering
on primary scintillation light (S1) as well as readout of secondary (S2) light produced during the
charge multiplication process. The top flange of the cryostat has a selection of feedthroughs which
allow access for high voltage supply to the TPC, vacuum pumps, a custom laser calibrations sys-
tem as well as optical viewports for the EMCCD cameras. Four Andor iXon Ultra 888 EMCCD
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cameras observe light produced via electroluminescence in the holes of the THGEM via these
viewports in the top flange.

3. Outlook

ARIADNE will be deployed to a mixed charged particle beamline [2, 3] in 2018. Using a
beamline with a mixed particle content allows for PID selection efficiency studies. These studies
will require the development of shower and track reconstruction plus particle classification algo-
rithms. Since ARIADNE is pioneering a new type of readout, a different perspective on event
topology may result, requiring the development of new analysis techniques. There is an excit-
ing opportunity for developments involving neural networks/image classifiers to perform PID and
event reconstruction. Development of these algorithms/tools may be valuable for future LAr TPC
analysis efforts.

Figure 3: ARIADNE preliminary simulated interaction inside the fiducial volume using Geant4. A
single e+ with 500MeV momentum enters from the left.
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