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 The problem

o Build a simple device that can detect cosmic ray
particles. Characterize the particle identification
capabilities of your device. Try to test your device
in different conditions and also try to obtain the
energy spectrum of the cosmic ray particles.
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 The physical process

oCosmic rays are mostly protons or light nuclei from star events that come from 
outer space, reaches Earth’s atmosphere and decay in many others particles in 
a phenomenon called particle shower
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 Our consideration

oWe considered that a simple cosmic ray detector is one made by a cloud 
chamber which enables the visualisation of the particles’ trajectory.

o When a charged particle passes through the cloud chamber, it ionizes the molecules on it’s
way, condensing droplets of alcohol and making it visible by naked eye.

6/9/2018 4

Example of traces on a cloud chamber Example of cloud chamber
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 Particles on a cloud chamber

o From the particles that reaches the Earth’s surface, the mostly commons are electrons, 
muons, protons and pions.
o Fact related to many particle discoveries such as the one of the pion!

o Not all of them will be so common in our cloud chamber due to 
o Size

o Illumination

o Environmental conditions

o The most common ones will be low-energetic particles
o After the decay that happened in the atmosphere

6/9/2018 5
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 What can we detect?

oA cloud chamber detects only relativistic particles!
o If they were non-relativistic, particles would not even reach our cloud chamber!

o We would need a high ionization inside the cloud chamber to see these kinds of particles

o It was not obtained experimentally

oOur explanation is: these kinds of particles would lose all its energy on the path 
from the atmosphere to the cloud chamber
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 Describing our experimental setup

oA cloud chamber is a box filled with supersatured gaseous substance,
o a state with more vapour than in the equilibrium.

o In our solution, we used an isopropil alcohol cloud chamber
o ~40 ml of alcohol for a chamber of 15 ± 0.05 cm of width and 20 ± 0.05 cm of height

o Felt soaked with isopropyl alcohol at the side of the chamber

6/9/2018 7

Top experimental view

Evaporation inside the chamber

Supersaturated atmosphere 

Ionization of the gas, visualization of traces
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 Experimental data

o While filming the cloud chamber from above, we were able to make the following images, 

o We have observed the trace of forty particles in our videos

o We use these traces to estimate the mean free path with Tracker Software
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Detection of a single proton in the experiments

made

Short thick line (high energy particle)

Detection of electrons

Long thin lines(low energy particle)
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 Cosmic rays?

oThe particles detected in our setup can be produced by different sources, but to 
present a high energy, the source must have a very power source or a source 
very close to the detector;

oThere is no radiation sources close to the detector. The particles detected mostly 
come from nature, such as particles from the ground or from the sky;

o In the ground: radioactive materials such as Uranium and other reactions in the 
nucleus. Once there is a great material density, most particles do not reach 
surface.

oFrom the sky: the cosmic ray particles interact with the atmosphere, generating 
the Cosmic Shower: primary particles which reach Earth’s surface.
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 For low-energy particles

o Low energy particles show the following differential cross-section scattering

oWe notice theoretically through these considerations that 
𝑑𝜎

𝑑Ω
is proportional to 

1

𝐸2

o Less energy→ higher likelihood of collision, thus ionizing the gas inside the 
cloud chamber
o The mean free path obtained is

o Where
o 𝑙 is the length of the trace observed in the chamber

o 𝜌 is the alcohol vapor density 

o 𝜎 is the cross-section
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 Kinetic Energy of observed particles
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Solving the Eq.1 and application of the Eq.2, we simulate theoretical curve and calculate de EK of 
particles detected
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 The distribution of Kinetic Energy
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 Experimental observations

oConsidering the temperature gradient between the bottom of the chamber (with 
liquid nitrogen) and the mean free path
o Lowering the height of the chamber, the mean free path would be decreased in a given 

surface area!

oMean free path was already defined as 𝑙:

oWhy is the air density an important parameter to visualize the particles?

6/9/2018 13

𝑙 =
1

𝜎𝜌
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 Mean free path and density 𝝆

oWith the experimental observation about the behavior for different 
concentrations of ionized gas molecules
o We made a simulation considering main free path and density

6/9/2018 14

𝑙 =
1

𝜎𝜌

Considering different densities we

obtain different free paths

Influences directly in the energy

we can observe experimentally

with our cloud chamber
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 Influence of chamber gas

6/9/2018 15

By ref [2]

The chamber gas 
influences on ionization 
(creation of ion)
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 Conclusion

oWe demonstrate how to make an apparatus to detect particles;

oWe can use this apparatus to measure energy spectrum from particles;

oWe have made some considerations regarding the chamber gas

o It is more likely that these are cosmic ray particles, once there is no source close 
to it. But the exactly origin of each single particle is not possible to be 
determined.

6/9/2018 16
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 Low-energy particles
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 Low-energy particles
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Solving 
d𝜎

dΩ
differential cross-section and integration on 𝜃 from 3 ° to 357° by

the consideration in the ref [1] 
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 Bete Bloch’s equation

oWhat is the equation that describes transition to higher energies in our cloud 
chamber?

6/9/2018 21
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Ref [1]
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 Determining the mass of particles

oWe can use a Lorentz force to measuring the mass of particles:
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Ԧ𝐹 = 𝑞 Ԧ𝑣 × 𝐵

Ԧ𝐹 =
𝑚𝑣2

𝜌

For perpendicular magnetic field:

𝑞𝑣𝐵 =
𝑚𝑣2

𝜌

Experimentally the B field must be homogeneous in the chamber, but this is 
not enough! 
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 Influence of a magnetic field applied to the chamber

oHow to define the value of magnetic field to observe the mass particles for a 
limited chamber?

oUsing the Sagitta method, we approximated 𝑠 as the resolution we obtain 
experimentally with the Tracker software!
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Trace of particle in chamber

Measuring S and L we can obtain the 𝜌 radius of particle curve
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 Kinetic energy of relativistic particles
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 Temperature variation with chamber height

By ref[2]

Gradient 
temperature


