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Report:

In our proposal with number MI-1376 we requested beamtime at the ID18 beamline of ESRF in order to
characterise the performance of hybrid pixel detectors featuring high-Z compound semiconductor sensors such
as CdTe, CdZnTe and GaAs:Cr. Our plan was to perform sensitivity mappings of the sensors at the sub-pixel
level with focused beam and to characterise the performance of our detector system for time-resolved
experiments. Typically we would need two separate proposals to complete this experiment. However, the
ID18 beamline due to its versatility can accommaodate all our planning within a single proposal.

During the first part of the experiment we utilised a monochromatic X-ray beam with a fixed energy of 67.4
keV. By making use of collimators, the size of the beam was tuned in such a way in order to achieve a beam
spot of about 20 pm x 20 pum FWHM. This beam size, being smaller than the actual pixel size of 55 um allows
the precision mapping of the sensor. In addition, the high energy impinging photons trigger effects such as
fluorescence which degrade the position resolution of the detector.

Figure 1, shows the sensitivity map of a 3x3 pixel area obtained with a 2 mm thick CdZnTe sensor. The
focused beam was aligned at the centre of a chosen pixel and a raster scan perfomed in the surrounding area.
The same scan performed with several energy threshold values, which allows us to extract useful information
about effects such as the charge sharing or the emission of fluorescence photons. Analysing further the data
obtained we could bring more insight for the performance of our detectors at high energies which is one of the
objectives within the Detector Development Programme (DDP).
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Fig. 1:Sensitivity maps of a 3x3 pixel area within a 2 mm thick CdZnTe sensor with 55 um pitch. The raster scan
performed with a step of 5 um and an energy threshold of 20 keV (left) or 35 keV (right).

For the second part of the experiment we exploited the capabilites of our detectors in order to perform time-
resolved experiments. Even though, such an experiment would be more interesting with the 16-bunch or the 4-
bunch filling mode, it was still possible with the 7/8 +1 mode. The Timepix readout chip that we use in our
detectors is able to record the time-of-arrival (ToA) of each photon, i.e. a relative time with respect to a trigger
signal, synchronised with the machine clock. By recording the ToA over several periods of the machine we
were able to reproduce the structure of the bunches in the 7/8 +1 filling mode. Figure 2 shows the result.
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Fig. 2: Histograms of ToA (in 20 ns units) obtained with the Timepix chip. On the left, the histogram obtained by
accumulating several images with an exposure time of 27 us which correspond to 10 cycles. On the right, the histogram
is obtained by folding the 10 cycles into one. The horizontal axis represents the time elapsed between the detection of a
X-ray photon and the end of exposure.

Thanks to the time resolution of our detector we are able to distinguish clearly the single bunch spaced equally
by 176 ns from the bunches which correspond to the 7/8 of the filling mode. In addition instead of a uniform
distribution of the bunches within the 7/8, we observe consistently a pattern in the bunch structure which
survives even after the folding of the data. This could provide useful input to the machine scientists/operators
and should be studied further. To do so we would propose the use of the Timepix3 chip with improved time
resolution with respect to its predecessor (Timepix) that we used to obtain these data.



