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Outline

d Timepix3
d Detector responses to different types of ionizing radiation

d 3D particle tracking with Timepix3 detectors
3D track reconstruction in a 500 um thick silicon sensor

3D track reconstruction in a 2 mm thick CdTe sensor
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Timepix3 detector
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Hybrid pixel detector developed by Medipix collaboration, CERN
256 x 256 pixels with 55 um pitch (1.98 cm? sensitive area)
Minimal detection threshold in each pixel is 1.8 keV

Each pixel measures energy desposit (ToT) and time of
interaction (ToA, precision 1.5625 ns)

Data driven-readout (data are send on an event-by-event base)
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Working principle
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O Time is determined when the rising
edge crosses the threshold

U 640 MHz clock samples the time
from the actual threshold crossing
until the next rising edge of the sToA

THL (threshold level)
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Detector responses to
different types of ionizing
radiation
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# X-rays and gamma interaction in the sensor creates photo- and compton

electrons
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Protons with different
energies: 90 degree
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Alphas with different
energies: 90 degrees
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At the end of a particle
range the slowing down
of the particle relates to
an increased energy

10> deposit to the medium
resulting in the Bragg-

The Bragg behavior is
used in particle therapy
to deposit the highest
doses to the carcinogenic
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Carbon ions with different
energies: 90 degrees

200 MeV/A
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d Halo of pixel with low energy
deposition around track - less
pronounced for higher energies.

d Number of delta rays increases with
InCreasing energy.
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Oxygen ions with different
energies: 90 degrees
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3D track reconstruction with
Timepix3

0 3D track reconstruction in a 500 um thick silicon sensors
0 3D track reconstrution in a 2 mm thick CdTe sensor
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Z-coordinate by drift time
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measurement
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Measurement setup at the SPS
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Detector response In the torm or
the 2D projections of energy and
time
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e Random set of 50 tracks from the measurement
* Pick tracks with the right geometry without delta-rays
e Determine the drift time as a function of interaction
depth
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Drift time as a function of
Interaction depths
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Average drift
times for the
whole set of
measured
tracks with the
correct
geometry as a
function of
interaction
depth z.

Good
agreement was
between
theoretical
modelling and
measurement

was found.
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Estimation of the z-resolution
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# Deviation of the reconstructed z-positions from the particle
trajectory for a single track
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Depth dependent z-resolution

#® Averaging over the set of selected tracks
@ Uncertainty due to the time resolution o,

# Inaccuracies from the drift time model Az,
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3D reconstructed pion track
going through 500 um silicon
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e- (deltaray)
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Pion with delta
electron(s) in 500um
thick silicon sensor T &ev)
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Abstract

We investigated the potential of the energy resolving hybrid pixel detector Timepix contacted to a CdTe sensor
layer for the search for the neutrinoless double-beta decay of "%Cd. We found that a CdTe sensor layer with 37
mm thickness and 165¢um pixel pitch is optimal with respect to the effective Majorana neutrino mass (mﬁﬁ)

sensitivity. In simulations, we were able to demonstrate a possible reduction of the background level caused by
single electrons by approximately 75% at a specific background rate of 10~ counts/(kg x keV x yr) at a
detection efficiency reduction of about 23% with track analysis employing random decision forests.
Exploitation of the imaging properties with track analysis leads to an improvement in sensitivity to mg, by

about 22%. After 5 vears of measuring time, the sensitivity to m,, of a 420tke CdTe experiment (90% °cd

enrichment) would be 597meV on a 90% confidence level for a specific single-electron background rate of 103

counts/(kg x keV x yr). The a-particle background can be suppressed by at least about six orders of magnitude.
The benefit of the hybrid pixel detector technology might be increased significantly if drift-time difterence

measurements would allow reconstruction of tracks in three dimensions.
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mm thick CdTe

# Analogue analysis as descrihed for silicon
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Conclusion

d Timepix3 allows a 3D particle track reconstrucion

d In a 500 um thick silicon, we found a z-resolution of ~ 50

um

d In a 2 mm thick CdTe sensor, we found a z-resolution of ~

60 um

Results are published in:

e Bergmann et al. Eur. Phys. J. C (2017) 77: 421. https://
doi.org/10.1140/epjc/s10052-017-4993-4

« Bergmann et al., Eur. Phys. J. C (2019) 79: 165.
https://doi.org/10.1140/epjc/s10052-019-6673-z
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Thank you!
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