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Motivation: ATOMKI anomaly

In 2015, a group at the ATOMKI Institute (Debrecen, Hungary) observed an anomaly in the angular

correlation of internal e+/e- pairs produced in the decay of an excited state of 8Be [1]. Later, they

observed similar anomalies in 4He [2] and 12C [3].

Figure 1. Anomalous internal pair creation in the deexcitations of 8Be, 4He, and 12C measured at ATOMKI.

The anomaly has not yet been confirmed by independent measurements. Possible explanations include

experimental effects, higher-order processes within the Standard Model [4, 5], or even a protophobic

fifth force mediated by a new 17 MeV boson X17 [6].

X17 project at IEAP CTU

At IEAP CTU, we are building a spectrometer to test the ATOMKI anomaly. It has hexagonal symmetry

and consists of 3 layers:

Timepix3 (TPX3) detectors placed in the vacuum tube for correlation-angle reconstruction [7, 8],

Multi-Wire Proportional Chambers (MWPCs) provide an extra point on the track outside the tube,

Orthogonal Fields Time Projection Chambers (OFTPCs) with triple-GEM readout of 128 pads will

be used for the energy reconstruction. It will use a 70:30 Ar:CO2 gas mixture.

Figure 2. Schematic of the IEAP X17 spectrometer (left) and coordinate system in one of the OFTPCs (right).

The choice of a toroidal magnetic field orthogonal to the electric field is mostly related to construction

feasibility — we use permanent magnets instead of a solenoid, and the readout granularity is limited

to fit one SAMPA/SRS hybrid in each sector. Our goal is to achieve a resolution comparable to that of

common cylindrical TPCs while reducing overall cost. Due to the field layout, the drift is distorted and

the curvature of the primary trajectories is not constant because of the field inhomogeneity.

Track simulation

For testing purposes, we simulate tracks using Garfield++. The primary relativistic particle is simulated
using the HEED program [9]. The ionization electrons are simulated via microscopic tracking (class

AvalancheMicroscopic) using equations of motion to follow the electrons between collisions. This

method is very precise (especially for small structures), but time-consuming (5–30 CPU hours per track

in our case).

Five batches of 9702 tracks with different initial parameters were simulated on a grid (MetaCentrum [10]) — electrons

and positrons; 11 different energies from 3 MeV to 13 MeV (covering the range for 8Be); 21 different azimuthal an-

gles |ϕ| ≤ 16.3◦; and 21 different elevation angles |θ| ≤ 17.1◦.

Figure 3. Drift lines of an 8 MeV simulated track with θ = ϕ = 0◦ (xz, xy, and yz profiles).

Track reconstruction: Ionization electron map

For the reconstruction of a track inside an OFTPC, we want an unambiguous map of the drift of

ionization electrons. For this purpose, we simulate the drift of electrons on a Cartesian grid (current

spacing 5 mm, 100 electrons per position for statistics). As a result, we get an approximation of

a mapping from initial coordinates of the electrons (x, y, z) to the average readout coordinates (x′, y′, t).
By interpolating, we can invert the map and use it for the reconstruction. Currently, we assume exact

counting of electrons in each pad/time bin.

Figure 4. Ionization electron map: left — x and y coordinate distortion for different initial z values (denoted by color); right
— example of reconstruction of pads (right panel is near the magnet pole) for different time bins.

Energy reconstruction

To reconstruct the energy, we start with a prefit of the reconstructed track using a circular arc with

smoothly attached lines. We assume that the initial position and velocity direction of the particle are

known from the previous detector layers. This leaves us four parameters — length of the first line,

length of the arc, arc radius, and curvature direction (a single angle). We estimate the kinetic energy

using the average magnetic field along the arc. The energy is then further refined using a single-

parameter fourth-order Runge-Kutta fit.

Figure 5. A fitted 8 MeV track with minimal values of θ and ϕ.

Results

The algorithmwas tested on a sample of microscopic tracks starting at the OFTPC entrance window

(initial position given by angles θ, ϕ starting from the coordinate origin) with parameters described

above. We assume exact triggering of time measurement. Systematic errors, depending on energy

and initial direction, were corrected using a 4D linear fit.

Figure 6. Reconstruction resolution of electrons (left) and positrons (right).

Figure 7. Reconstruction resolution of electrons (left) and positrons (right) — dependence on reconstructed energy.

Figure 8. Reconstruction resolution of electrons (left) and positrons (right) — dependence on θ.

Figure 9. Reconstruction resolution of electrons (left) and positrons (right) — dependence on ϕ.
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