% Maastricht University

Chasing time

Citation for published version (APA):

Geertsema, R. E. (2024). Chasing time: Characterisation and application of precision temporal
measurements with silicon pixel detectors. [Doctoral Thesis, Maastricht University]. Maastricht University.
https://doi.org/10.26481/dis.20240110rg

Document status and date:
Published: 01/01/2024

DOI:
10.26481/dis.20240110rg

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

« A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.

« The final author version and the galley proof are versions of the publication after peer review.

« The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

« Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
« You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl
providing details and we will investigate your claim.

Download date: 28 Apr. 2024


https://doi.org/10.26481/dis.20240110rg
https://doi.org/10.26481/dis.20240110rg
https://cris.maastrichtuniversity.nl/en/publications/7b0645cc-f6dd-4f6a-a2fe-043a93a8a79b

IMPACT PARAGRAPH

&

In the current age of high energy physics, silicon tracking detectors have become a
central component of many high energy physics experiments. The drive to improve
and develop new detectors, as well as almost all instrumentation used at European
Organization for Nuclear Research (CERN), leads to inventions that are applied
in a wide range of fields outside of high energy physics. Perhaps the most well-
known of these inventions to come from CERN is the world wide web, but other
inventions such as Gas Electron Multiplier (GEM) detectors for radiotherapy have
also seen dedicated use outside of high energy physics.

By adding temporal information to imaging techniques like Positron Emission
Tomography (PET), or improving the time resolution of time-of-flight systems, the
quality and accuracy of results from these systems can be substantially enhanced.
By performing research and constructing systems to characterize, in the case of this
dissertation, hybrid pixel detectors, the temporal performance of such detectors
can be improved. The results obtained, and lessons learned from improving the
temporal performance of hybrid pixel detectors, can aid significantly in the design
of novel detectors. Another benefit is having developed dedicated systems that
can test the temporal performance of such devices, enables the possibility to test
detectors from outside of high energy physics.

The work presented in this dissertation focuses on the characterisation and
development of planar silicon sensors, as well as Timepix3 and Timepix4 readout
chips. A new characterisation system is commissioned at Nikhef, which gives
researchers a tool to investigate novel silicon sensors with precise time resolution.
Besides this, a new beam telescope is constructed and commissioned that allows
researchers to test novel sensors, as well as candidate detector systems for the
upgrade of the LHCb VErtex LOcator (VELO) in a beam environment. Besides
these two systems, the temporal characteristics of planar (thin) silicon sensors
have been investigated. The results of planar sensors attached to Timepix3 readout
chips have been limited by the time resolution of these readout chips, and therefore
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can also not be applied in demanding systems in the industry. The result of a thin
planar sensor attached to a Timepix4 readout chip, however, is promising, reaching
a resolution of 147.4 + 1.1 ps.

These systems are accessible for researchers within Nikhef and other institutes
and collaborations and allow for the development and characterisation of next-
generation sensors and ASICs. Ultimately, these developments can lead to the
creation of next-generation detector systems that can be applied in for example
time-of-flight measurements in mass spectrometry. Besides this, developments in
characterisation systems can more easily lead to new systems that can be applied
to different kinds of detectors that for example are applied in PET. Therefore,
the experience gained by constructing and utilizing these systems can lead to a
shortened development time for different detector systems.

To implement these detectors in the next-generation experiments at CERN,
a time resolution of 50 ps is required. Therefore, the time resolution achieved
with Timepix4 readout chips is not yet sufficient to be directly applied in these
experiments. However, efforts are ongoing to improve both the sensor (by applying
different geometries) and the readout chip. A lot of effort however still needs to
be given in order to achieve the desired resolution of 50 ps in the coming years.
This work, however, lays a basis to develop and characterise these sensors in the
coming years.
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