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Abstract

High-energy physics stands at the frontier of knowledge, employing cutting-edge
technologies to push the boundaries of our understanding through increasingly so-
phisticated measurement devices. These technologies are typically not available to
the public; it is essential to provide young students with insights into cutting-edge
experiments to foster their curiosity and interest in the modern sciences. The Origins
Go-To School project aims to provide high school students with a learning experience
that brings them closer to high-energy particle physics and the experiments carried
out at CERN. As part of this experience, students will perform hands-on experiments
on a detector based on state-of-the-art gaseous electron multiplier (GEM) technology.
The detector is being developed at TUM and features off-the-shelf components for the
readout electronics, which are not yet completely built. The detector incorporates 64
channels arranged in 8x8 pads and is planned to enable the live reconstruction of 2D
images from cosmic particle tracks traversing the chamber.

This thesis details the design and production of a printed circuit board (PCB) that
connects the front-end electronics to an Arduino microcontroller, which serves as
the readout board. This interface was the last significant challenge in making the
detector operational, primarily due to the slow processing speed of the Arduino. The
existing electronics include an amplifier and a comparator, which measure the energy
deposited by incoming charged particles using a time-over-threshold method and
produce a square-wave output signal. The circuitry developed in this thesis converts
this signal into a voltage stored in a capacitor, ready for readout by the Arduino, and
allows for automatic resetting of the capacitor after the successful completion of the
readout command. This approach addresses the limitations of the Arduino’s slow
readout speed. The circuit has been first tested and characterised using single-channel
prototypes and meets all the requirements placed on it. With this, a multi-channel
readout card featuring a multiplexer was designed, produced, and tested via pulsing
to be used for the final outreach detector. Additionally, the thesis also explains the
underlying principles and physical phenomena relevant to the operation of the outreach
GEM detector and the electronics integrated into the developed PCB. The theory will
in part be employed during the teaching of students via a dedicated manual which is
also prepared.
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1 Introduction

TUM has partnerships with many schools throughout Bavaria and offers interesting
projects for young students. On my first day at university, I was still a pupil myself
when my class was invited to a gene laboratory to solve a thrilling murder case. From
that day on, I knew what I wanted to study. This work is part of a larger project aimed
at getting the new generation interested in natural sciences and introducing them to
high-energy particle physics through a hands-on experiment.

1.1 High energy physics in education

The Large Hadron Collider (LHC) at the European Organization for Nuclear Research
(CERN) has a diameter close to 27km and is packed with 9300 magnets, cooled to
a freezing 1.9K. Teachers would be hard pressed to recreate these conditions in a
classroom. But we can’t do without experiments either, as they are indispensable for
the knowledge acquisition competence area of the educational standards (Erkennt-
nisgewinnungskompetenz der Bildungsstandards, KMK2020 [1]]). So teachers often
resort to simulations or simplified experimental set-ups. When using simulations,
students cannot learn process-related skills for experimentation, so experiments are
often preferred.

1.2 Use of detectors in demonstration

The german electron synchrotron (DESY) published a handbook, funded by the Federal
Ministry of Education and Research, for self-construction of a cloud chamber. A cloud
chamber is a simple detector that can be used to visualize tracks of particles flying
through it. While they were used to make spectacular discoveries in the 1930s, today
they can be found in museums and scientific exhibitions [2]. This project is an effort to
bring modern detector techniques into the classroom.

1.2.1 CERN Minipix

The efforts of the detector experts at CERN themselves have already shown award
winning results [3]. Detectors of the Minipix series, an example shown in figure
are silicon based pixel detectors. A grid of semiconductor elements measure charges
deposited by particles. Each element is a pixel connected to its own read-out electronics
channel. The resulting image displays background radiation in real time and can
be used to broardly categorize different particles [4]. The MiniPIX EDU is a model
designed for physics classes and features 256 by 256 pixels.
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