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ABSTRACT 

The primary goal of the Stockholm Educational Air 
Shower Array (‘SEASA’) project is to bring the 
intellectual and technical challenge of scientific research 
to high-school (16 – 18 years old) students. The focus of 
the project is the high energy cosmic radiation which 
continually bombards the earth’s atmosphere, 
generating showers of secondary particles. These 
showers can be detected by a network of ground-based 
cosmic ray detector stations. Activity is correlated 
across the detector network using timing signals from 
GPS navigation satellites. The detector stations are 
placed at high-schools and students actively participate 
in their construction and operation, as well as the 
subsequent analysis of data.  The project illustrates how 
contemporary research is conducted and offers a 
modern and concrete focus for student project work in 
the final year of high-school studies.  

1. INTRODUCTION 

The goal of the Stockholm Educational Air Shower 
Array (‘SEASA’) project is to bring the intellectual and 
technical challenge of scientific research to high-school 
students. The particular focus of the project is the study 
of ultra-high energy cosmic rays – one of the most 
prominent questions in contemporary astrophysics. The 
very nature of the project highlights the importance of 
scientific collaboration; both between the students at the 
participating network of schools and between the 
theoretical, experimental and technical disciplines. It is 
proposed to bridge the gap between the content of 
science teaching and the nature of scientific research by 
immersing teachers and students in cutting-edge physics 
research using advanced laboratory equipment and 
techniques. Together they will become co-researchers 
on the project, together with staff from KTH.  
 
It is increasingly difficult to interest teenagers in ‘hard’ 
scientific subjects, such as physics. One often cited 
reason for this is that students do not have well 
informed views of scientific and technical professions. 
It is proposed to remedy this by merging teaching with a 
concrete research project. As a by-product, it is also 
hoped that the project can be used as a vehicle to expose 
humanities and social science students to the scope and 
methods of modern science. In concrete terms, the 
project will expose high-school students to a broad 
spectrum of modern physics and technology topics:  
 

• The composition and evolution of the 
Universe. 

• The structure of matter and radiation. 
• Detecting particles and radiation. 
• Computing and databases. 
• Electronics and the GPS navigation system. 
• Data analysis and statistics. 
• Research methodology. 
• Scientific collaboration. 

 
Although this endeavour is primarily motivated by 
educational goals, useful scientific results may be 
forthcoming. It is important to stress that these results 
can only be achieved through the collaboration and 
active involvement of the students and teachers at the 
participating schools. 
 
2. SCIENTIFIC BACKGROUND 

In this section, a brief scientific background related to 
cosmic rays is presented. The energy spectrum of 
cosmic rays incident on the earth’s atmosphere is 
described first. This is followed by a description of three 
of the most prominent questions in cosmic ray 
astrophysics which the SEASA project will allow high-
schools students to address. The section concludes with 
a brief description of how cosmic ray air showers are 
produced in the atmosphere, thereby allowing their 
detection by school-based experiments. 
 
2.1. The cosmic ray energy spectrum 

Cosmic rays are charged subatomic particles from space 
which continuously bombard the Earth’s atmosphere. 
Approximately 90% of the particles are protons, ~9% 
helium nuclei and ~1% heavier nuclei and electrons. 
The cosmic ray energy spectrum spans more than 13 
orders of magnitude, from less than 106 eV to greater 
than 1019 eV. Between ~109 eV and ~1015 eV the 
spectrum can be represented by the power law dN/dE ~ 
E-2.7 and from ~1016 eV to ~1019 eV, the spectrum 
steepens to dN/dE ~ E-3.1, as shown in figure 1. 
 
Around 1015 eV the spectrum exhibits a so-called 
‘knee’. The origin of the knee is currently unclear. It has 
been suggested that it represents a transition from 
galactic to extra-galactic cosmic ray sources since 
cosmic rays produced above the knee (i.e. at lower 
energies) will be confined to our galaxy whereas those 
below the knee are too energetic to be trapped by the 



 

magnetic field threading our galaxy. It has also been 
suggested that at energies corresponding to the knee the 
dominant acceleration mechanisms within our galaxy 
(most probably supernova remnant shock waves) 
approach their maximum energy. The energy spectrum 
appears to flatten from ~1019 eV up to the highest 
energy cosmic ray measured at ~3×1020 eV – this region 
is referred to as the ankle. Cosmic ray protons in this 
region have an energy corresponding to several Joules – 
equivalent to the kinetic energy of a 70 g tennis ball 
served at 250 km/h!    
 

 
 
Figure 1. The energy spectrum of cosmic rays incident 

on the earth’s atmosphere. 
 
2.2. Open questions in cosmic ray astrophysics 

Ultra-high energy cosmic rays 
The nature of the ankle region represents one of the 
most prominent questions in contemporary astrophysics. 
En route to the earth cosmic ray protons (similar 
arguments apply to heavier nuclei), pCR, move through a 
bath of 2.7K cosmic microwave background (CMB) 
photons, γCMB. Above a threshold energy of ~4×1019 eV 
(referred to as the GZK cut-off after its proposers, 
Greisen, Zapsepin and Kuzmin) the photo-production of 
a short-lived Δ+ resonance state is allowed: 
 

         
++ ++→Δ→+ ππγ nppCRCMB ,0

         (1) 
 
and the cosmic ray energy spectrum is expected to 
flatten. Figure 2 shows the mean energy of the proton as 
a function of the distance travelled from a source for 
initial proton energies of 1020 eV, 1021 eV and 1022 eV 
[1]. Once the proton has traversed ~100 Mpc through 
the CMB bath the resulting proton energy is essentially 

independent of the initial energy. If a proton is observed 
with an energy greater than 1020 eV the source must 
therefore lie within ~100 Mpc of the earth. This distance 
is large compared to the size of our galactic halo (~100 
kpc) but comparable to the size of the well studied local 
galactic cluster (~100 Mpc). There is no known 
acceleration mechanism which can accelerate cosmic 
rays to such high energies. It is interesting to note that 
cosmic rays with energies in the ankle region will not be 
significantly deflected by galactic magnetic fields (~3 
μG) and so their arrival direction can potentially be used 
to identify the location of the source. It appears that 
either these cosmic rays somehow evade the GZK cut-
off (this could imply that special relativity does not 
apply at sufficiently high energies) or their source is an 
unknown type of astronomical object. Exotic sources, 
such as unstable topological defects in the universe’s 
space-time fabric have also been proposed. 
Experimental evidence for the GZK cut-off is currently 
confusing. The AGASA experiment in Japan [2] has 
claimed the observation of an excess of super-GZK 
particles, whereas the Hi-Res experiment in USA [3] 
refutes this claim. The situation is complicated since 
these experiments use systematically different 
techniques to determine the energy of the primary 
cosmic ray. The Auger experiment [4] located in 
Argentina is using both techniques concurrently in an 
attempt to resolve this issue, and results are eagerly 
awaited.    

 
Figure 2. The propagation distance for protons of 

several energies above 1020 eV. The effect of the GZK 
cut-off is clearly seen. Showers with reconstructed 

energies exceeding approximately 1020 eV must 
originate from acceleration sites close to the Earth – 

however, no such sites are known to exist. 
 
Composition   
At the lower end of the cosmic ray energy spectrum, the 
composition appears to largely follow the chemical 
abundances observed in the solar system. The situation 



 

is far less clear for the high-energy part of the spectrum 
above the knee and a massive (e.g. iron) nuclear 
component is not ruled out. Understanding the 
composition is an important diagnostic of possible 
sources. An interesting, but presently not widely 
exploited, way to study composition is through 
correlated air showers. As a high energy nucleus 
approaches the solar system it can undergo a spallation 
interaction in the solar photo-field. This can result in the 
ejection of a nucleon. The nucleon and the nuclear 
remnant will generate correlated cosmic ray activity in 
the earth’s atmosphere, separated by 10’s to 100’s km. 
This signature is not accessible to experiments like 
Auger, but could be a target for widely distributed 
school-based set-ups.  
 
Anisotropy 
The sky has been ‘mapped’ in high-energy cosmic rays 
by several experiments. Sources of high energy cosmic 
rays can be identified and studied once the expected 
number of cosmic rays is subtracted from the map. 
There have been claims of such sources from the region 
of the galactic centre by the AGASA and SUGAR [5] 
experiments, although the details of their claims differ. 
AGASA claimed evidence for an extended structure [6], 
whereas SUGAR claimed a more point-like source [7]. 
To date, the world’s largest active array, Auger (located 
in the Southern hemisphere and so with a different sky 
exposure than SEASA) has not been able to confirm or 
refute either claim. A model has been suggested [8] 
which could accommodate both claims through a two 
component acceleration model where a hadronic beam 
interacts with material producing neutrons which can 
then travel essentially unscattered to the earth, thus 
appearing as a point-like source. The hadronic 
component, however, will appear as an extended source 
due to interactions with the μG galactic magnetic field. 
 
2.3. Cosmic ray air showers 

In order to study high energy cosmic rays, the 
atmosphere is used as the detection agent, as shown in 
figure 3. A primary cosmic ray interacting with a 
nucleus at the top of the atmosphere will produce a 
cascade of mostly charged and neutral pions. These 
particles will subsequently decay or interact with other 
nuclei. The number of particles in the shower is 
therefore multiplied. After reaching a maximum, the 
number of photons, electrons, muons and hadrons starts 
to fall as more and more particles fall below the 
threshold for further particle production. A disk of 
relativistic particles impacts the earth’s surface and has 
a diameter of some 10’s of metres (i.e.: building sized) 
for a primary energy of 1014 eV and several kilometres 
(i.e.: ~town sized) for primary energies of 1020 eV.  
 
By measuring a small number of these particles on the 
ground, the properties of the primary particle (e.g. 

energy, direction) can be reconstructed. The air shower 
has three components: electromagnetic, muonic and 
hadronic. For a 1015 eV shower, approximately one 
million particles reach the ground comprising 
approximately 80% photons, 18% electrons, 1.5% 
muons and 0.5% hadrons. Neutrinos are not counted, 
although they are copiously produced in weak decays. 

 
 

Figure 3. A schematic representation of a cosmic ray 
air shower. In reality, a shower generated by a primary 
cosmic proton of energy 1015 eV will contain ~1 million 

particles. 
 
3. HIGH SCHOOL DETECTOR STATIONS 

A network of plastic scintillator detector stations allows 
the disk of shower particles to be sampled as it impacts 
the earth. The guiding philosophy of the SEASA project 
is that the detector stations be located at high-schools 
(‘gymnasier’) and that the stations should be 
constructed by the students themselves and installed and 
operated with their active participation. Another key 
feature is that the SEASA system should be low cost, 
yet performant and scaleable.   
 
Each detector station consists of three plastic 
scintillators (Bicron BC-408, approximately 1m long x 
30 cm wide x 1.5 cm thick, as shown in figure 4)  
placed in a triangular configuration on the roof or in the 
attic of a high school. The average separation between 
scintillators is 10 m. Each scintillator is read-out by a 
large diameter (76 mm) photomultiplier tube (PMT, 
Photonis XP3314B), operated at -1100 V, and coupled 
to the centre of the scintillator sheet using Sylgard 184 
optical compound. The PMT produces a fast (~10 ns) 
electrical signal when a cosmic ray particle traverses the 
sintillator. The scintillator detectors are housed in car 
‘ski boxes’ which provide cost-effective protection from 
the elements, a robust housing and ensures that the 
detection assembly is light-tight. One of the detector 



 

stations installed at AlbaNova University Centre is 
shown in figure 5.  
 

 
 

Figure 4. One of the SEASA scintillator detectors. A 
piece of plastic scintillator of approximate dimensions 

1m x 30 cm x 1.5cm is read out by a single  
photomultipier placed in the centre of the scintillator 
sheet. The entire assembly is placed in a car ‘ski box’ 

for protection from weather.   
 

 
 

Figure 5. One of the detector stations deployed at 
AlbaNova University Centre. The three scintillator 

detectors arranged in a triangular formation are visible. 
A coincidental signal from all three detectors indicates 
a cosmic ray air shower. The white structure towards 
the centre of the roof is a skylight. The small white dot 

next to the left-most detector box is a GPS antenna. 
 
Coincident activity in all scintillator detectors is used to 
indicate cosmic ray shower activity at a school. Signals 
from GPS navigation satellites are used to provide a 
unique timestamp for each coincidence with an 
accuracy of ~1 s. Additional electronics allows the 
coincidence to be determined with an accuracy of better 
than ~50 ns relative to GPS time [9]. This timing 
information along with other shower parameters and 
environmental variables such as temperature and air 
pressure are sent immediately to a computer server at 
AlbaNova University Centre. This allows a real time 
overview of cosmic ray activity across the SEASA 
network via web-based software. Data are also archived 
for future scientific analysis. The GPS timestamp allows 
cosmic ray activity at different locations to be correlated 

offline and high-energy air showers to be identified. 
Time differences between individual stations can be 
used to triangulate the shower angle and therefore the 
trajectory of the primary cosmic ray. The detector 
stations operational in Stockholm are shown in figure 6, 
and the data collection system is illustrated in figure 7. 
 

 
 

Figure 6. Detector stations currently operational in 
Stockholm. The cluster of three stations at the top of the 

map is AlbaNova University Centre where the KTH 
Physics Department is located. This area is shown in 
more detail in the insert (top right). The dotted circle 
indicates a station which is planned for installation. 
Four high-schools currently host detector stations: 

Enskilda Gymnasium, Nacka Gymnasium, Norra Real 
Gymnasium, and Thorildsplan Gymnasium.   

 

 
Figure 7. The data collection system of the SEASA 

project. Each school detector system sends its data in 
real-time over the internet to a central server at 

AlbaNova which archives the data and displays it using 
web-based software. Time synchronization is provided 
across the entire SEASA network by signals from GPS 

navigation satellites. 
 



 

The signals from the scintillator detectors are processed 
by a custom electronics system built around a 
programmable logic array, which allows the system to 
be upgraded easily. This system also provides an 
interface to the GPS receiver board which provides a 
synchronized time-standard across the entire SEASA 
network. A commercial embedded Linux processor 
controls the data acquisition system and provides a 
connection to the internet for data transfer. The 
electronics system for each detector station has been 
designed to be as pedagogical as possible, with all parts 
visible through the transparent lid, as shown in figure 8. 
Cosmic ray shower activity and the operative status of 
the system are indicated visually on a LED display. The 
box is designed to be displayed prominently at schools. 
 

 
 

Figure 8. The electronics box which processes data 
from the school’s detector system. Information about 

cosmic ray activity at the school is sent over the internet 
to a central server at AlbaNova University Centre. The 

box is designed to be displayed prominently at the 
school and has an LED display to indicate cosmic ray 

activity (bottom left). 
4. SOFTWARE 

The SEASA software is entire web-based and is 
designed to run on a standard web-browser using any 
PC. Figure 9 illustrates the software design. The 
software has several primary functions: 
 

• ‘Web-portal’ – the point of entrance, 
explaining how the project works and 
collecting together documentation. 

• ‘Event viewer’ – to allow the students to 
visualize the cosmic ray activity at their and 
neighbouring schools. This viewer is designed 
to be permanently displayed at the school. At 

present, only stations in the Stockholm region 
can be visualized, but the software allows 
additional maps to be added easily.  

• ‘Mission control’ – a more detailed interface 
to each detector station, allowing station 
parameters (such as the rate of cosmic ray 
activity) to be easily accessed. Operational 
parameters can also be changed (password 
needed!). Once logged in, students can also 
access the SEASA ‘blogs’, allowing students 
to exchange information, results and 
communicate with the SEASA system manager 
at AlbaNova in case of problems.   

• ‘Data analysis’ – an interface allowing 
students to download data from the central 
SEASA server and to make simple analyses 
(presently under development). 

 
Planned future developments include automatic e-mail 
and/or SMS alerts of large showers activity, and video 
link / chat functionality to aid communication between 
schools.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. The  SEASA web portal (background) with the 
‘viewer’ window in the foreground. The ‘viewer’ allows 
students to follow the cosmic ray activity in the detector 

network in real time.   
 
5. STUDENT ACTIVITIES 

During the first phase of a school’s involvement in the 
project, the scintillator detectors are constructed, tested 
and installed. For schools in the Stockholm region, this 
work would generally take place during one term at 
AlbaNova University Centre. Lectures are integrated 
with the construction sessions, so that students gain both 
experimental and theoretical knowledge. Once the 
detector station is installed, students can share 
responsibility for the day-to-day operation and 
monitoring of their station. This is made possible by the 



 

web-based SEASA software suite.  In order to ensure a 
‘hands-on’ experience for students joining the project 
after the initial construction phase, approximately 
annual maintenance sessions will be organized where 
students can (e.g.) study the performance of their 
detector station using an oscilloscope. Many standalone 
project works are possible using the data from a single 
detector station. Such projects are ideal for students 
needing shorter projects or in areas where there are few 
stations installed (i.e.: making studies of large air 
showers impractical). Since the temperature and 
atmospheric pressure are measured at each station, 
interesting correlation studies can be made. For 
example, a clear correlation can easily be observed 
between atmospheric pressure (essentially the thickness 
of the atmosphere) and the shower rate. During a ~6 
month project work, students can contribute to scientific 
studies using the SEASA system. Within a town, 
students can search for and study ultra-high energy 
cosmic ray activity observed across several stations. 
Such events are rare, but over an area of 10km x 10km, 
~O(100) ultra-high energy showers are expected per 
year. Students can collaborate between towns to search 
for correlated shower activity for composition studies. 
Although primarily designed for high-school students, 
the SEASA project also offers excellent training 
opportunities for university undergraduates at various 
stages in their careers, but particularly at Master’s 
Thesis level. It will provide an opportunity for students 
to gain experience working with advanced 
instrumentation and hi-tech equipment. SEASA 
produces data that is relevant to cutting-edge research 
and yet is of such a scale that students will be able to 
make significant contributions. The scientific goals of 
the project are also well suited to PhD students [10]. 
This makes the participant base of the project extremely 
broad, spanning high-school student- to undergraduate- 
to professor-level.   
 
6. SEASA IN SPACE 

In December 2006 the first Swedish astronaut, Christer 
Fuglesang, spent almost 2 weeks on-board the 
International Space Station (ISS). His mission generated 
intense interest from the Swedish press and a series of 
events was arranged to promote space-related topics to 
the public. As a part of this, a small (9 cm diameter, 20 
cm long, 1.6 kg) hand-held plastic scintillator cosmic 
ray telescope, ‘Particle Flux Demonstrator - PFD’, was 
constructed, as shown in figure 10. A charged cosmic 
ray traversing the device generates an audible tone, and 
registers on an LED counter display. The PFD was 
designed to demonstrate the basic properties of the 
cosmic ray environment aboard the ISS. The counting 
rate registered by the PFD was expected to depend on 
orbital position (with a particularly spectacular increase 
expected in the region of the South Atlantic Anomaly), 
and the measurement position inside ISS, due to 

shielding effects of the hull material. The detection 
principle is identical to that used in the SEASA project, 
and provides a concrete link between the primary 
cosmic rays observed on-board ISS and the secondaries 
observed at schools. Due to last minute administrative 
problems, the PFD was not transported to ISS. 
However, since the device completed all safety reviews, 
and is certified for spaceflight, it is hoped that it can be 
used on later missions to ISS and bring a new dimension 
to the SEASA project.        
 

 
 

Figure 10. The Particle Flux Demonstrator (PFD), 
designed for use on-board the International Space 

Station. 
 
7. EUROPE-WIDE COLLABORATION 

Similar schemes to SEASA are operating in a number of 
European countries (e.g. Denmark, Germany, The 
Netherlands and Poland) as well as in the USA and 
Canada. There are therefore excellent prospects for the 
creation of an exchange program for students and 
teachers from diverse backgrounds. The first steps in 
this direction have been taken through the creation of 
the ‘EuroCosmics’ initiative [11] which aims to co-
ordinate SEASA-like activities in Europe.  
 
8. REFERENCES 

1. J.W. Cronin, Nucl. Phys. B (Proc. Suppl.) 28B 213 
(1992). 

2. http://www-akeno.icrr.u-tokyo.ac.jp/AGASA 
3. http://www.cosmic-ray.org 
4. http://www.auger.org 
5. http://www.physics.usyd.edu.au/hienergy/sugar.htm

l 
6. N. Hayashida et al., astro-ph/9807045v2. 
7. J. Bellido et al., Astropart. Physics 15 (2001) 167. 
8. R.M. Crocker et al., astro-ph/0408183v1. 
9. P. Hofverberg et al., IEEE Trans. Nucl. Sci. Vol. 52 

No. 6 (2005) 
10. P. Hofverberg, ’Imaging the high energy cosmic 

ray sky’, KTH Licentiate Thesis in Physics, 2006. 
11. http://www.eurocosmics.org 



 

 
 
 

                                     
 

 
 


