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Outline

 Timepix3

 Detector responses to different types of ionizing radiation

 3D particle tracking with Timepix3 detectors
 3D track reconstruction in a 500 µm thick silicon sensor
 3D track reconstruction in a 2 mm thick CdTe sensor
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Timepix3 detector
 Hybrid pixel detector developed by Medipix collaboration, CERN

 256 x 256 pixels with 55 µm pitch (1.98 cm2 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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Simultaneous energy and time 
measurement with the 
Timepix3
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 Time is determined when the rising 
edge crosses the threshold

 640 MHz clock samples the time 
from the actual threshold crossing 
until the next rising edge of the sToA
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Detector responses to 
different types of ionizing 

radiation
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Photons and electrons

X-rays and gamma interaction in the sensor creates photo- and compton 
electrons  
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Photons of 60 keV ~ 830 keV electrons
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Protons with different 
energies: 90 degree
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48 
MeV/A

75 
MeV/A

100 
MeV/A
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Alphas with different 
energies: 90 degrees

50 
MeV/A

80 
MeV/A

115 MeV/A

185 
MeV/A

221 
MeV/A
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Bragg-peak (50 MeV/A alpha 
particle entering from the side)
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At the end of a particle 
range the slowing down 
of the particle relates to 
an increased energy 
deposit to the medium 
resulting in the Bragg-
peak.

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

89 
MeV/A

200 MeV/A

430 
MeV/A
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300 
MeV/A

 Halo of pixel with low energy 
deposition around track - less 
pronounced for higher energies.

 Number of delta rays increases with 
increasing energy.
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Oxygen ions with different 
energies: 90 degrees
104 
MeV/A

250 
MeV/A

430 
MeV/A
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3D track reconstruction with 
Timepix3 

 3D track reconstruction in a 500 µm thick silicon sensors

 3D track reconstrution in a 2 mm thick CdTe  sensor
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Z-coordinate by drift time 
measurement 
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Idea: Use charge carrier drift times 
to reconstruct the z coordinate:
 ;
 ; 

Differential equation:
 + 

Solution:
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500 µm
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Measurement setup at the SPS 
at CERN
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120 GeV/c pion 
beam

Sensor 
thickness: 
500 µm

120 GeV/c 
pion beam 
hits the 
Timepix3 
sensor at 
60°
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Detector response in the form of 
the 2D projections of energy and 
time
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• Random set of 50 tracks from the measurement
• Pick tracks with the right geometry without delta-rays
• Determine the drift time as a function of interaction 

depth
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Drift time as a function of 
interaction depths

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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Deviation of the reconstructed z-positions from the particle 
trajectory for a single track

Estimation of the z-resolution
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σ = 23 µm
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Depth dependent z-resolution
Averaging over the set of selected tracks

Uncertainty due to the time resolution σz

Inaccuracies from the drift time model Δzsyst.
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Bias voltage: 130 V
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3D reconstructed pion track 
going through 500 µm silicon
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Bias: 130 
V
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Reconstructed 3D particle 
trajectories in 500 µm thick 
silicon
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Pion with delta 
electron(s) in 500µm 
thick silicon sensor

z-resolution: 
~50 µm
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Cosmic muon track (natural 
background radiation in 
Prague)
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Measured points
Fitted trajectory
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No neutrinos so far ... 
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The potential of hybrid pixel 
detectors for the search of the 
neutrinoless double beta decay of 
Cd-116
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3D track reconstruction in 2 
mm thick CdTe

Analogue analysis as described for silicon

40 GeV/c pion beam

Z-resolution ~ 60 µm
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 Timepix3 allows a 3D particle track reconstrucion

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

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

Results are published in:
• 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

Conclusion
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Thank you!
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