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The SuperNEMO experiment aims to search for neutrinoless double beta decay. Whilst the
standard approach relies on detecting the sum of the kinetic energy of two emitted electrons,
SuperNEMO has an additional tracking detector, enabling investigation of kinematic parameters
of the decay and further background suppression through post-processing. Comprising 2034
drift cells operating in Geiger mode, the tracking detector measures both the vertical position
of passing particles and the horizontal distance of their trajectories from the central anode wire.
Consequently, each tracker hit is represented by a horizontally aligned circle centred at the anode
wire with measured radius and vertical position. When viewed from above, the reconstructed
trajectory should be tangent to these circles. Without a magnetic field applied, all particles are
expected to follow a straight linear path. The primary challenge lies in the horizontal plane. A
method based on the Legendre transform is utilised.
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SuperNEMO demonstrator

The main goal of the SuperNEMO demonstrator is to detect neutrinoless double beta decay
(OvBp). To achieve this, the demonstrator is equipped with 6.11 kg of 82Se as the 0v38 source, a
tracking detector and a segmented calorimeter. This design enables the precise reconstruction of
both the energy and topology of decay events, providing access to observables such as the decay
angle and individual electron energies — parameters that are unobtainable by other experiments.
The 32Se is placed in the centre of the detector in form of a thin foil. The segmented calorimeter
system tightly encloses the entire detector to capture most electrons emitted from the source foil.
The calorimeter consists of 712 optical modules that can be triggered independently. The tracking
detector comprises 2034 drift cells, so-called tracker cells, operating in Geiger mode. (Detailed
description of the design can be found in [2].)
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Figure 1: Scheme of a tracker cell and its detection mechanism. Note that in reality the tracker cell is placed
vertically and that the proportions are not correct.

As a charged particle passes the tracker cell volume, it ionizes the gas within, creating a
trail of free electrons. These electrons are drawn horizontally toward a central anode wire by
the strong electric field, gaining enough energy to ionize additional atoms and create an electron
avalanche. Furthermore, the avalanche is accompanied by the emission of ionizing UV light
that initiates secondary electron avalanches, creating so-called plasma propagation. The resulting
plasma propagates vertically towards the cathode caps at the top and bottom of the tracker cell. The
arrival times of the initial electron avalanche at the anode wire and the plasma propagation at the
cathode caps are recorded. From these measurements and the calorimeter trigger, we can determine
the distance between the particle and the anode wire, known as the drift radius (R;), as well as the
vertical position of the particle’s passage (Z;). These tracker hits are typically visualized as circles
centered around the anode wires, with radii corresponding to the drift radii R; and vertical positions
equal to Z;.

Track reconstruction

The main goal of track reconstruction in the SuperNEMO tracker is to connect these circles in
such a way as to track each particle’s trajectory. Since all data have been taken without the magnetic
field, we expect the particles to follow straight line trajectories. Geometrically, the task is to find a
line that is tangent to circles representing the tracker hits.

The reconstruction is obtained in several steps. First, a clustering algorithm based on Hough
transform or Legendre transform is applied to separate data that correspond to different straight line
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trajectories. The algorithm based on the Legendre transform is based on the work of T. Alexopoulos
et. al [1] is further described in [2]. The clustering provides great robustness to noise. In the next
step, the obtained clusters are individually reconstructed the using maximum likelihood method to
obtain straight line trajectories. The usage of the maximum likelihood method ensures the high
precision of the results. Finally, we determine whether two line trajectories should be combined into
a single polyline trajectory by evaluating their vertical alignment. This way, we can even reconstruct
trajectories of scattered particles that could not be described by a straight line (Figure 2).

Figure 2: Example of a real data event (event 39775 from run 974) with more complicated topology
reconstructed by the presented algorithm. Red rectangles correspond to triggered optical modules, green
circles to triggered tracker cell.

Conclusion

SuperNEMO stands out in the field of Ov8 detection by its ability to detect particle’s trajec-
tories. To fully utilize its potential a special reconstruction algorithm is required. The presented
algorithm combines various techniques to ensure robustness against noisy data and complicated
event topologies, while maintaining high precision. The current version is advanced enough to
reconstruct even the challenging trajectories of scattered particles, enhancing the reconstruction
efficiency and overall precision.
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