
Detecting Cosmic Rays at home & Building your 
own version of the Large Hadron Collider

Dr Andrew Thornett
Photo reproduced with permission CosmicWatch

Why everyone here should have 
a banana in their astro kit!



Does your astronomy feel increasingly like this?



Think 
outside of 

your 
telescope’s 

antenna

A form of astronomy that you can still 
do when rains or snows



•I live in a moderate sized town 400m from 
large supermarket

•I do NOT have enormous garden

•I DO experience lots of radio interference!

Before I go further…all of these 
are supposed to prevent 

successful radio astronomy



• Make use of natural 20km collider above our heads.

• Build or buy your own detector.

• Use same physics as professional observatories.

• For < price good quality eyepiece.

Your own particle collider at home



NASA/JPL-Caltech/SwRI -

http://photojournal.jpl.nasa.gov/jpeg/

PIA16938.jpg

http://photojournal.jpl.nasa.gov/jpeg/PIA16938.jpg
http://photojournal.jpl.nasa.gov/jpeg/PIA16938.jpg
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Muons are unstable 

elementary particles 

and are heavier 

than electrons and 

neutrinos but lighter 

than all other matter 

particles.

From Wikipedia Creative Commons License/Public Domain

What is a muon?



Muons also can be created in laboratory, where their lifetime 

has been measured:

                                    -6

    muon lifetime   t   =   2  x  10    

seconds

No real "edge" to the Earth's atmosphere.

Cosmic ray collisions occur at about 20km height..

Muon Life Expectancy



• Muons can be detected at sea level due to time dilation that occurs as result 

of Einstein’s Special Theory of Relativity.

• Muons travel close to speed of light -- relative to the Earth and people on 

the ground – as result of relativity their clocks run slowly; that means that 

their lifetimes will be extended, long enough to reach the ground.

• Therefore, detecting muons with your detector gives evidence to support 

Einstein’s Theory.

How can we detect muons from
Cosmic Rays at Sea Level?



•Development of new detectors available to amateurs

•CosmicWatch kit

•UKRAA produce version of these in UK – available as 
kit (if you feel confident with soldering iron) OR as 
fully made and tested device (which is what I bought)

• Ideally have two for concidence.
• UKRAA is a charitable incorporated organisation (CIO) which operates as a not-

for-profit company. Our activities are carried out by volunteers with the Trustees 
freely giving their time and expertise.

Muon Detection available to amateurs



Building your own Muon Detector using 
CosmicWatch plans (buying own 

components)



Free software that works well!



Muonpi – Similar detector,
Community network of detectors

•Website: www.muonpi.org

•You can offer to host a detector by emailing 
support@muonpi.org

http://www.muonpi.org/
mailto:support@muonpi.org


Other providers

https://www.theremino.com/en/hardware/inputs/radioactivity-
sensors#geiger



Methods that use smartphones as 
detectors of interactions with cosmic ray 
muons

•US Distributed Electronic Cosmic-Ray 
Observatory, DECO.

•Poland-based Cosmic-Ray Extremely Distributed 
Observatory, CREDO



Reproduced with permission CosmicWatch

Scintillator is doped plastic

Kitchen foil & black electrical tape!                Metal case & couple neat PCBs made from 
     cheap components

Components of Desktop Muon Detector



Graphics and photo reproduced with permission CosmicWatch

Coincident measurements 
(Master/Slave Configuration)

Direction of travel



Height from 
ground and rate 

of muon detection

Graphics and photo reproduced with permission CosmicWatch



Graphics and photo reproduced with permission CosmicWatch

Radiation sources and rate of detection



LRO Muon Detectors – note my notes on side 
enclosures to tell me what to do!



Charting muon 
data via Cosmic 
Watch website

(LRO Data)



No discernable change muon flux
day vs night (LRO Data)



Muon Count @ LRO/sec. with varying amounts 
lead under detectors (coincidence mode) (cm)



Unit of radiation used for next 
experiment = The Banana



6kg of scrap lead roof flashing

In the name of good science, I tasted these afterwards to
ensure they were real bananas!



Making your own Cloud Chamber

Next step is to demonstrate individual muon trails

YOUTUBE: DIY cloud chamber_ no dry ice required - how to make, how it works!





How to make your own cloud chamber (dry ice version)
• Clear container with a tightly fitting 

lid, some absorbent material, black 
paper, isopropyl alcohol, a metal plate, 
dry ice, and a flashlight.

• Cut absorbent material & black paper 
to fit bottom + inside container lid, 
respectively.

• Glue metal plate to bottom of 
container.

• Pour isopropyl alcohol into container 
to saturate the absorbent material, 
but not create pool of liquid.

• Close lid with black paper inside & 
seal with tape.

From 
https://www.sciencefriday.com/
educational-resources/build-a-

cloud-chamber/



How to make your own cloud chamber (without dry ice)

Components of cloud chamber that does not require dry ice:
• Large heat sink.
• Medical joint sprain relief gel which has freezing point -18C 

(temperature of home freezer).
• Aluminium metal tape ca. 50mm wide.
• 2 plastic containers that will stack without their lids on lip around edge 

(lids not used).
• Bright LED light.
• Piece of polystyrene to act as insulator under heat sick.
• Black felt cloth.
• Isopropanol or ethanol (alcohol - need high concentration > 90% so 

avoid rubbing alcohol).
• Squirty container for alcohol.



The professionals



Amateur cloud chamber particle detections from cosmicfriday.com

What amateur can achieve at home



My next project….

Breaking ground on the Lichfield 
Ridiculously Small Neutrino Detector

(LiRSaND)

I’ve got to dig 1km down….!



Many thanks to following for 

their graphics that I have used in 

this talk:

Graphic and photos from CosmicWatch website and 

papers used with kind permission.

Muons hitting atmosphere and associated graphics: 

Copyright © Michael Richmond. This work is licensed 

under Creative Commons License.

Sciencefriday.com

4gifs.com

Other pictures from Wikipedia and the other sources 

under Creative Commons licence Public Domain.



Contact Details

Dr Andrew Thornett

M6THO

andrew@thornett.net

Tel: 07770841767

Website: www.astronomy.network

Ta
lks f

or c
lu

bs
I would to hear

About what you are

doing


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16: Methods that use smartphones as detectors of interactions with cosmic ray muons
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35

