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Abstract 

Conveying the key messages of contemporary particle physics at secondary school level is 
highly challenging. The subject is not included in the normal syllabus, most textbooks 
actually ignore the existence of subatomic particles. Particle physics on the other hand 
appears regularly and successfully in public press and media, therefore it seems 
mandatory to bring the subject closer to the students. 
Seven volunteers from the „Mechatronics” Secondary Technical School in Budapest are 
lucky enough to have the possibility to participate in the activities of Department of High 
Energy Physics at the Wigner Research Centre of Physics. 
Experience gathered during the implementation of the projects and from feed-back from 
students, the question is raised: to what extent actual experimental participation is 
necessary in raising motivation for the study of high energy physics phenomena. 
Keywords: particle physics, secondary school students 

Particle physics is not in the national syllabus of secondary education for physics in 
Hungary, like in most of the countries. We can study this topic typically only in optional 
classes. Still, we can insinuate more elements into most of the themes we study. When 
studying kinematics, especially when we mention noteworthy speeds, we can talk about 
sets of protons travelling close to the speed of light in the LHC. In thermodynamics we can 
point to the LHC as the hottest and – oddly – the coldest point of the Universe. In 
electromagnetic studies we can mention the huge electromagnets which are 
superconductors. In modern physics we can set as examples the radiation emitted by the 
particles. 

It is possible to organise trips to the CERN, based on personal experience the main event is 
to visit the CMS detector: sluicing and lifting 100m down to the tunnel remains an 
experience, for sure. Still, a visit can remain a long lasting experience even if the 
accelerator is in use, so there is no chance to visit the detectors. 

 

Figure 1. The „Mecha” group in CERN in 2010 
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Figure 2. Seven future researchers 

In the academic year of 2012/13 in the Mechatronics Vocational School seven students 
decided to have additional, optional classes in physics. They had a chance to go to the 
Wigner Research Centre for Physics. There they could participate in the current research 
work within the Detector Physics Group of the department of High Energy Physics. They 
participated in a project for Research Based Teaching. 

These seven students formed two teams, as this is how they could work. First, Professor 
Dezső Horváth, who is the former leader of the department, gave them a general 
introduction on particle physics. Second, Dezső Varga, who is the leader of the Detector 
Physics Group, introduced the work carried out in the laboratory. He also talked about the 
operation of the detectors. The youngsters were a bit afraid by the first glance: they could 
not imagine themselves being able to fulfil any task in the laboratory. Finally they did very 
useful work. During their work, which lasted four months, they were not even being aware 
of learning. They just got involved in certain areas of modern physics, and in it, some 
special problems of particle physics. They arrived with joy every occasion to the lab. They 
never needed goading. Sometimes they didn’t even realize how soon time passes by, and 
remained till evening if the measurements required their extra time beyond the double 
school lessons. 

MULTIPLE SCATTERING EXPERIMENTS 

One of the teams performed multiple scattering experiments, with devices already  
pre-assembled. The main point was not what they were doing, but to what purpose. They 
learned that some devices in the detectors are essential, including a variety of films that are 
incorporated into the detectors. The testing of these materials is a very important, but time 
consuming task. The students in this team were asked to do this task for those who are 
working as researchers. Using the measurements they could check the data found in the 
literature, and were able to accurately identify the materials used in the films. The students 
did a great job, so all benefited from this project. 

The measurement was actually about the scattering of particles on films. These particles 
are electrons, since they are coming out from a beta radiation source. They travel through 
films. Besides looking at the angle of scattering, the focus was to measure the number of 
the generated particles, and the number of counts in scintillators. 
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Figure 3. The measurement setup 

In the bottom right hand corner of the photo is a cylindrical object, it is the beta-ray source. 
The triangular shape made of copper is a collimator. In the gray box there are the two 
scintillators. Furthermore, there is a schematic illustration of a theoretical circuit. From the 
two scintillators the signals go into the amplifiers, then into a discriminator. This is 
intended to distinguish incoming signals from noise. Signals can only pass above a certain 
voltage. Conducting them into the counter, the number of counts can be examined. The 
coincidence of these measurements will be important, because with this we can distinguish 
and hold back the background radiation noises, so called clutter. 

   

 Figure 4. Settings Figure 5. The table Figure 6. The old tv monitor 

The lab is shown in figure 4. One of the boys is just doing the settings on the picture. This 
process is important, because we need high voltages to work on. We definitely need to be 
very careful at 950 V. With the discriminator we selected a 0.1 volt signal, and another at 
0.3 V. The photo in Figure 5 shows a part of the lab, and on the table you can see the 
experimental setup. Reading the data happened from an old television monitor shown in 
Figure 6. In channel 1 and 2, all the counts were observed, the direct signs of the 
scintillators, whereas on channel 3 the number of coincidences. During the measurement, 
from the value of coincidences, we also noticed that the observations should be made in a 
given range of angles. This was typically between 0° to 40°. In channel 12 the built-in 
counter’s clock was used as a timing device. The duration was 100 seconds. One of the 
important tasks was to process the data. That wasn’t a problem for these students, because 
they have a subject in school called Electrical Measurements. In those classes they also 
practice similar tasks. 

The team, which carried out the scattering experiments, is of 4 persons. They divided the 
jobs among themselves. One carried out the measurements, he changed the angle from  
0° to 40o. Another one dealt with the counter. One of them wrote down the results on 
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paper. Also, one of them entered the data into the computer, he can be seen in Figure 7. 
Thus, immediately we could see and verify the test results. 

 

Figure 7. Our IT 

At first the students did not understand the theoretical background of the measurement, but 
slowly they learned also that changing the thickness of the foils the width and height of the 
curve will change. If the thickness changes by n times the width of the curve changes 
 √𝑛 times. Scattering can also be measured only on air, this is characterized with the blue 
line in the graph shown in figure 8. The red line shows a visible difference, it is the case of 
a single layer, 35μm thick copper adhesive film. 

 

Figure 8. Air — single layer measurement 

The other test was one of the most important of our measurements. The same films were 
used in both cases, but different number of layers. The red line is the 4 layers of aluminium 
foil 25μm thick, and the blue one is the same, but in 9 layers. Seemingly the curve 
widened, and gave the same result as the subsequent calculations. 
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Figure 9. Measurement with different layers 

Those detector laboratories are relatively small labs, this means relatively small detectors 
can be built. We have learned that some important elements are required for the operation 
of the detectors. These include a variety of films that are incorporated. And also some 
measuring instruments, which are monitoring during the operation of the detector. The 
LHC detectors are much bigger than those in our lab. If they happen to fail, disassembling 
them is very complicated, and expensive. For providing data continuously, the aim is 
enable them work without stopping for a longer period of time. 

PLANNING AND BUILDING SENSITIVE AMMETER 

The other team’s work is related the idea mentioned above. They were given the task to 
design and build an ammeter that is able to measure the current in the detector. 

But really see why this is so important, let’s take a closer look at the theoretical 
background and the purpose of measuring the electric current. 

 

Figure 10. The Geiger-Muller Counter [1,2] 

In Figure 10 we can see a Geiger-Muller Counter. This was the first to measure 
radioactivity in the 1930's. And then the proportional counters came: George Charpak in 
1992 received the Nobel Prize for developing this device. 

Inside the detector in the middle is an anode-wire. It is arranged coaxial in a cylinder. 
Outside, the cylindrical wall is the cathode. Inside of this case there is argon gas. For this 
gas we know that at even high voltages it remains an insulator, doesn’t turn to be a 
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conductor. Technically, when a radioactive particle enters, it ionizes the atoms of the gas 
that are in there. 

The second team dealt with the preparation of an ammeter suitable to measure the current 
in the detector. A question may arise. Why should we fiddle with a device? Why do not we 
easily buy some in a store, especially knowing that ammeters are not even expensive? 
There is big problem with those: they are not planned to be used at 3-4000 V. They 
couldn’t stand this high voltage. So our task was to make an ammeter that can measure 
nanoamps under thousands of volts. 

 

Figure 11. The planned circuit diagram 

On the top of the circuit-diagram (in Figure 11) we can see diodes put parallel and 
opposite. Their task is something like fusing. If there was too big voltage on the meter, 
then these would drain some current to prevent the meter from damage. On the right and 
left sides there are two, 1MΩ resistors each. They also provide protection by decreasing 
the voltage. The 100MΩ resistor assists to achieve the nanoamp-scale. In the middle, a 
1 MΩ resistor is the coupling resistor, on this the current is measured. 

One might ask why such a meter is good for in the detectors. The so-called leakage current 
of the detectors can be eliminated. You can specify the size of the resulting electron 
avalanche and its properties. But the most important advantage is that it can increase the 
life of the detector to multiples, which is a huge cost saving factor for a detector sized 
CMS or ALICE. 

Some team members dealt with the electronic parts of the ammeter. Fortunately, in school 
they had gained experience, so it was not unknown for them to use a soldering iron or the 
resistor color code. They took these steps easily, they routinely used the pliers, wire 
stripper pliers and other tools. 

    

Figure 12. The steps of the work 
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Two boys created the container of the measuring instrument. On figure 12/b one of the 
students is drilling the bottom plate of the instrument, making given size holes for the high-
voltage connectors. First, they used a smaller drill to prevent too big holes. The size of the 
holes was crucial for the punctual fit. We can see the assembly process. on figure 12/c. We 
can see that the high-voltage terminals are already installed. The other four holes were 
needed to keep the batteries fixed. They installed the four plastic columns into the 
container, which provided the box shape. On the other side of the box digital display 
measuring instruments are located, and also on-off switch buttons. We wanted to measure 
only for a short time, so we did not want to exhaust the batteries quickly. Then soldiering 
the two IC-s followed. Finally the most exciting task in the experiment came. We 
connected our device to 4000 V, and as you can see, there was no disaster. 

We were still facing the task of calibration in order to set the exact values. Of course, that 
was done not in high voltage. It is simply not advisable to turn on a potentiometer while 
under high voltage, so we switched to low voltage, put in the load, and at the range of 6 to 
8V we completed the calibration. We set it to the calculated values and measured the 
current from 1V to 24V. 

 

Figure 13. The resulting graph of calibration 

Up to 16 V the measured and calculated values were completely matching. The following 
minimal differences occurred because the diodes have started to open up at the increasing 
voltage. A small part of the voltage began to flow in the opening direction, it caused a 
small current escaping, but it was just nanoampers, which is irrelevant from the 
measurement’s point. 

THAT IS IT? 

During the academic year our time was only enough for these two projects. The students 
became so fond of this kind of learning combined with research that they didn’t want to 
stop. They were also willing to sacrifice a few weeks from their summer holidays: they 
were going to work in self-organization at the Wigner Centre. Those researchers who work 
there work with great knowledge and patience with the future scientists. 

We, secondary school teachers did our mission, worked like ambassadors. We have shown 
the way for young people to physics and also for those with interest the way to research. 
We did so, for sure, to at least these seven young people. But every year new students 
come, and we can just hope that we will regularly find students who show interest in work 
of this kind. 
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work. Special thanks to Dr. Dezső Horváth, and to Dr. Dezső Varga. Thanks to Dr. 
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