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Quarknet Cymru 
Cosmic ray detection and  

particle physics in Wales 

 



Based in Cardiff, Wales 



The Home of Football ! 





Cardiff University 

http://www.astro.cardiff.ac.uk
/research/gravity/tutorial/ 



 



HiSparc in the UK 

Co-ordinated by Universities of 
Birmingham, Bristol and Bath (SW region) 



What is QuarkNet Cymru? 

A pilot project to help engage students 
with particle physics 

 

Provision of cosmic ray and particle 
detectors for schools 

 

Supported by Cardiff and Swansea - the 
two largest universities (and cities) in 

Wales 



Funding (~£100 K) 

From National Science Academy  

(Welsh Government) 

 

STFC (UK Science Funding Body) 

 

Royal Astronomical Society 



Plans for Wales 

Support for GCSE/AS/A level Physics 
Establish HiSparc network in Wales  

(in schools and universities) 
 

Creating website to share resources, upload data 
and provide curriculum links 

http://www.researchinschools.org/ 
 

http://www.researchinschools.org/CERN/home.html 
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Curriculum links 
Limited before 17 – 18 year olds who can do 
‘extended projects’ with some examining boards 
 
Some links at earlier years with radioactivity, 
standard model, the Sun, supernovae (life cycle of 
stars) 
 
School system extremely ‘exam-driven’ 



QuarkNet Cymru has purchased 4 rooftop 
HiSPARC detectors, plus a range of desktop 

equipment for loan to schools 
 

One each in Swansea and Cardiff Universities, one 
in a public Science Centre in Swansea and a 4th to 

be deployed to a local school 



7 Muon Observatories 

Desktop muon detectors to be 
loaned to schools 

 

One set up in Oriel Science  

Centre, Swansea 

 

Two being used by Cardiff 
University u’grad and MSc students 
(projects to count CRs and to track 
objects) 

 



More Portable Kit 

6 Geiger Counters 

 

4 Cloud Chambers 

 

3 MX10  

(one on the Institute of Physics “Lab in a 
Lorry” to tour Wales…) 

 



Our Other Projects 

Faulkes Telescope Project 

 

VR/AR material via RAL, Gaia, ISS 
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2 * 2-metre, 9 * 1-metre (5 more soon)  
3 * 0.4 metre telescopes 



 

 

CERN 

Surface of Mars 

Fall in to a 

black hole 

Telescopes 

Universities 

 

 

 

 

Live 360 talks 

Labs 

Museums 

Science centres 

Hospitals 

360 degree 

Tours 



Faulkes Telescope Project 
 

VR/AR material via RAL, Gaia, ISS 

Our Other Projects 



Current Projects 

Faulkes 
Telescope 

Project 

Gaia 
Alerts 
App 

VR 
meteorite 

gallery 

Supernova 
simulator 

Augmented 
Reality Solar 

System 

ISS 360 
tour 

Quarknet 
Cymru 

Down2 
Earth 



Down2Earth 

Joint project 
FTP and NMW 

Ages 11-16 
years 



Gaia Transient Follow-up 

http://gsaweb.ast.cam.ac.uk/alerts/alertsindex 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=AhJ1HH8U99T-zM&tbnid=ah3srxawx1BWUM:&ved=0CAYQjRw&url=http://arstechnica.com/science/2014/02/esas-gaia-mission-set-to-survey-the-galaxy-with-biggest-camera-in-space/&ei=hvkrU5qAE4i20QW85oCoDQ&bvm=bv.62922401,d.ZGU&psig=AFQjCNG2qjFJ6zfUEbZCE3Ujf4lN-HUIMA&ust=1395477215454010


http://resources.faulkes-telescope.com/course/view.php?id=144 

Spotting a Supernova 





Black Holes In My 
School (with Rosa 

Doran, Nuclio, Portugal) 



Summary 

QuarkNet Cymru will have access to 
national/international HiSPARC network 
 
Rooftop detectors in Cardiff and Swansea 
universities 
 
Equipment for loan to schools in Wales 
 
Links with CERN@School, Institute for 
Research In schools 
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Thanks for listening 



http://faulkes-telescope.com 

http://resources.faulkes-telescope.com 

http://education.down2earth.eu 

@QuarknetCymru 

@faulkestel 

 

 

 

Please come find me or  
e-mail me your ideas 

 
fraser.lewis@ 

faulkes-telescope.com 



 



Traditional v “new” astronomy… 

Traditional – photonic, EMR 

Non-Traditional – astroparticle physics, gravity 
waves 



Astronomy without EMR? 

• What can we detect that is non-
photonic? 

Things such as: 
 Magnetic fields 
 Gravity fields 
 Particles 
 Gravity waves 

Cosmic rays 

Neutrinos 



What is astroparticle physics?! 

• “Traditional astronomy” – EMR, detecting 
photons 
 

• Other forms of astronomy look for non-
photonic things… 
  

• Astroparticle physics – observing protons, 
electrons, muons, neutrinos etc. 



Standard Model 

http://www.google.co.uk/url?sa=i&rct=j&q=standard+model&source=images&cd=&cad=rja&docid=BTGbXyiMcT3G3M&tbnid=pM04uI9QjT-fGM:&ved=0CAUQjRw&url=http://www.azoquantum.com/Article.aspx?ArticleID=14&ei=-MVJUb3pFKeo0QWWrYGQDQ&bvm=bv.44011176,d.d2k&psig=AFQjCNGVOkbdtsMLMnIbqFstLSp5IolXKA&ust=1363875687612211


  ? 





Muons  

• Every second, each m2 of the Earth is hit 
by ~100 particles originating from cosmic 
radiation 
 

• Most of these are muons produced in 
the uppermost part of the atmosphere, 
where even more energetic particles 
collide with air molecules 



Cosmic rays from 
outer space - at 
ground level, mainly 
muons (200x me) 



Schematic representation of development of an air shower.  
Highest particle density is at a depth xmax inside the 
atmosphere, measured from the starting point of the shower 



Muons 

• Muons occur as both positively and 
negatively charged particles 
 

• A muon is ~200x heavier than an 
electron 
 

• Muons are unstable with a half-life of 
2.197 μs 





The HiSPARC detector 



Scintillator and light guide 

HiSPARC sensitive area is a scintillating plate (plastic) 
1.0 m by 0.5 m with a light guide leading to a PMT 





HiSPARC layout 

Schematic representation of a two plate HiSPARC 
detector station and processing electronics 



Muon Observatory – shower mode 

• Shower recorded as coincidence event from 
3 GMTs arranged in a triangle 

• This geometry ensures that no single particle 
can be detected in all 3 tubes 

Production of showers may be 
facilitated by allowing the 
radiation to pass through something 
that is slightly "thicker" than air - 
steel plates 



Muon Observatory – telescope mode 

• If a muon passes through all tubes, a 
pulse is output from coincidence box 

Placing steel plates 
between the tubes 
ensures that only very 
high-energy radiation 
is recorded 



MX10 Particle detectors 

• Manufactured by Jablotron (Czech 
Republic) 
 

“The MX-10 Digital particle camera is a 
state-of-the-art educational tool for 
demonstrating radiation and analyzing 
radioactive sources”  





Educational activities 

• Comes with a variety of activities 

e.g. Absorption of alpha particles in paper 

http://www.particlecamera.com/index.php/support-camera-mx-10/experiments-with-mx-10 
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• Identify types of radioactivity 

e.g. decay of Thorium to produce alpha, 

beta and gamma 



Alpha particles 

Alpha particles are displayed as 
large round “blobs“ (>40 pixels) 
and the energy captured by the 
detector is high (usually 3000 to 
4500 units per particle).  
 
The “blob” edges are red (lower 
absorbed energy) and the 
centres are white (higher 
energy).  



Alpha particles 

An alpha particle leaves its whole 
energy in the detector and is 
completely stopped.  
 
Small traces (usually one or two 
pixels) are caused by gamma 
photons. 



Gamma-rays 

Majority of the traces are 
one-pixel or two-pixels 



HiSPARC 

• Network of detectors across Netherlands 

http://www.hisparc.nl/en/about-hisparc/ 
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History 

• Started 2003, Radboud University 
(Nijmegen) 

• Rooftop detector at university, 
engagement with local schools 

• Soon became a national project 

• High School Project on Astrophysics 
Research with Cosmics (HiSPARC) 

 



• Now >100 detectors in 7 clusters around 
the Netherlands, and expanded 
internationally 

Nijmegen network http://data.hisparc.nl/show/stations
_by_country/ 
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