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Does your astronomy feel increasingly like this?






Before | go further...all of these
are supposed to prevent
successful radio astronomy

| live in a moderate sized town 400m from
large supermarket

*| do NOT have enormous garden
*| DO experience lots of radio interference!



 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.



¢ Energetic Particles -
(Solar Particle Events or
Coronal Mass Ejections) -

NASA/JPL-Caltech/SWRI -
http://photojournal.jpl.nasa.qov/jpea/ T R
PIA16938.ipg 2 . s P -pp i



http://photojournal.jpl.nasa.gov/jpeg/PIA16938.jpg
http://photojournal.jpl.nasa.gov/jpeg/PIA16938.jpg
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Artistic view of a cosmic ray shower. Credit: Dave Hilton/UKRAA



What is a muon?

Cosmic ray muon passing through &~
lead in cloud chamber

Muons are unstable
elementary particles
and are heavier
than electrons and
neutrinos but lighter
than all other matter
particles.

u

The most common decay of the
muon

From Wikipedia Creative Commons License/Public Domain



Mluon Life Expecizncy

Muons also can be created in laboratory, where their lifetime
has been measured:

-0

muon lifetime t = 2 x 10
seconds

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

Cosmic ray collisions occur at about 20km height..




 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.



* 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 | bought)

* |deally 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.



Building vour own Muon Detector Usin
CosmicWarten plans (ouying own
COIMPEINENLS)

A Notsecure | www.cosmicwatch.Ins.mit.edu/detector#steps & A w ] m

@ CosmicWatch About the project News! Start measurement Forum FAQ Downloads

Step-by-step instructions for the lates version of the detector (v2) including SD card reader and coicidence
connection, can be found here.

Below, you can find the instructions for v1.
Tepadaeten Introduction
Purchasing components
Arduino
Main PCB
SiPM PCB
Scintillator
Assembling the detector
Electronics ~
Calibration
Recording data

Troubleshooting




Free software tnat works welll

(@] () https://github.com/spenceraxani/CosmicWatch-Desktop-Muon-Detector-v2 B A Y a3 m

Product Solutions Open Source Pricing Search or jump to...

spenceraxani / CosmicWatch-Desktop-Muon-Detector-v2  Pubiic £} Notifications %' Fork 63 i

Code (O Issues 65 i1 Pullrequests () Actions [ Projects (@ Security |~ Insights

master ~ ¥ 1branch 0 tags Go to file Code ~ About
g

The CosmicWatch Desktop Muon

e spenceraxani py2 and py3 69dbdbs on Jan 26 &) 47 commits Detector supplementary material
8 Arduino adding Gerber file with larger snapp-off connections for JLCPCB 2 years ago M Readme

A Activity
m CAD DS_Store banished! 6 years ago

7 214 stars
W Datasheets .DS_Store banished! 6 years ago ® 25 watching
I Enclosure Files updated instructions 5 years ago % 63 forks
[ PCB_Files updating PCB to include a reflective plane. 2 years ago Report repository
B Pictures fixing typos 4 years ago

Releases
[ Recording_Data py2 and py3 last year

- . No releases published

3 .gitignore .DS_Store banished! 6 years ago
[ Instructions.pdf Updating OLED info 5 years ago

Packages
[ Purchasing_Listxlsx updated purchasing list last year K

No packages published
[ README.md adding paper 5 years ago
O

ThePhysicsPaper.pdf Updating Physics Paper 5 years ago



Muonpl = Sirmilar detector,
Cormrnunity network of deteciors

*Website: www.muonpi.org

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



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

Otner [prov]

https://www.teachspin.com/muon-physics NN R &

Home @ OurTeam W Instruments @ Pricing il Newsletters § Food Truck i ICEP 2023 @ SIMs | User List @l Contact Us ll Guarantee

<< Back

Muon Physics

Measure Muon Lifetime

Demonstrate Relativistic Time Dilation

Measure Local Muon Flux

Measure Sea Level Muon Charge Ratio

Convenient Source of Genuinely Random Numbers
Create Simulated "Muons" and Measure their Lifetime
Study Processing of Photomultiplier Signal

oers

Coincidence detector

This is the detector of coincidences of Alessio, You can see it work in this video:

http://www.youtube.com/watch?v=820ifYlycoo

Documentation and notes for using the coincidence detector:
CosmicRaysDetector ITA.pdf
CosmicRaysDetector ENG.pdf

Other information on the detectors in coincidence, cosmic rays and muons, here:

http://hardhack.org.au/book/export/html/2

The scheme is simple and can be assembled in five minutes even on a Breadboard. If you connect the
outputs to a Master you can count regardless of the three channels by configuring the input Pin as
simple Counter. You do not need to set the pins like FastCounter, because the number of events per

minute is very low.

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



Comnponents of Deskion IVvuon Detecior

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

— l 5.0 cml ]

Scintillator is doped plastic

Reproduced with permission CosmicWatch



Colncldent rmeasurernents
(Master/Slave Configuration)

Direction of travel

e Using a coincident measurement we can reduce the
background.

e We can also get directional information this way.

e We can also go deep underground to eliminate the muons
and only have the background.

Plastic Scintillator

=

Graphics and photo reproduced with permission CosmicWatch



Height from
ground and rate
of muon detection

Trapani, Ttaly
Christchurch, New Zealand
Madison, WI USA
Warsaw, Poland
Edmonton, Ab Canada
Erice, Italy

Denver, CO USA

South Pole, Antarctic
Trans-atlantic flight

HAB flight, Torun Poland

—— 5th Floor WiPAC

——— Roof Measurement
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Count Rate [Hz]

—
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ja]
[an]

FF ' 107 10° 10" 10°
! ! . Altitude [m]
0 50 100 150 200

Calculated SiPM peak voltage [mV] The coincident detector count rate at various locations throughout the world. The
trans-Atlantic flight rate was measured at 30,000ft

) The calculated SiPM peak volt-
age on the roof of the WiPAC building com-

. th
pared to on the 5% floor. Graphics and photo reproduced with permission CosmicWatch




Radiation sourcas and rate ofF detaction

Radioactive Source Measurement

Count Rate [Hz]

10

2 4 - 8
Distance From Case [cm]

The measured trigger rate as a function of distance between using a rock containing

uranium and a detector.

Graphics and photo reproduced with permission CosmicWatch
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X At this point we ve collected 5 hits!
Live histogram of signals in time
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No discernanle cnange muon Fus
day vs nignt (LRO Data)

Average in time
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Muon Count @ LRO)/sec, with varying arnoumnts
lezd under cdeteciors (coincidence rmode) (cm)
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Unit of radizition used for mnesxt
exoeriment = The Banana




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

58

36

54

32

50

43

46

44

LRO Muon counts/360 seconds vs number of bananas on top of
coincidence detector pair

6kg of scrap lead roof flashing




Next step is to demonstrate individual muon trails







* Clear container with a tightly fitting

G| lid, some absorbent material, black
| paper, isopropyl alcohol, a metal plate,
ight : :
' pright flas""'° dry ice, and a flashlight.
isopropyl \j\ﬂ,j

e 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.

alcohol
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Science Friday | Image may be subject to copyright.



rlow to make your own cloud cnamber (wWithout dry lce)

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.



4GIFs.com ffﬂ‘ﬂ—- ‘ n-#’ft? AN L
Radon gas decay inside a cloud chamber



Amateur cloud chamber particle detections from cosmicfriday.com
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What amateur can achieve at home
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Many thanks to following for
their graphics that 1 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.
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Tel: 07770841767

Website: www.astronomy.network
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