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Abstract 
 
An experiment on Cosmic rays performed by Carl D Anderson led to the accidental discovery of the 
positron in 1932. The discovery was a turning point in particle physics which led to numerous other 
theories and has been discussed by scientists all over the world. Anderson had photographed a 63 
MeV, upward moving electron. The possible origin of such a positron has never before been 
discussed and is what this report will aim to explain. The report will include some evidence that the 
particle is in fact a positron as well as a discussion of the four main theories whose possibility and 
probability will be discussed; pion decay, muon decay, magnetic field bending and pair production. 
The report will also cover a historical background for Anderson’s experiment, as well as a theoretical 
background needed for the theories of the origin. The probability of discovering a positron with any 
of the theorized origins is extremely low and for some theories, even impossible.  
 
År 1932 upptäckte Carl D. Anderson positronen under ett experiment utformat för att undersöka 
kosmisk strålning. Det var en vändpunkt inom partikelfysiken och har lagt grunden för många nya 
teorier och diskuterats av forskare över hela världen. Anderson hade fotograferat en 63 MeV 
positron som rörde sig uppåt. Ursprunget hos en sådan positron har aldrig blivit diskuterat och är 
vad denna rapport menar att förklara. Rapporten kommer innehålla bevis för att den fotograferade 
partikeln faktiskt är en positron men även de fyra teorier till uppkomsten av positronen vars 
möjlighet och sannolikhet kommer att diskuteras. Dessa teorier är; pionsönderfall, myonsönderfall, 
böjning i magnetfält och parproduktion. Rapporten kommer också att inkludera en historisk 
bakgrund till Andersons experiment men också en teoretisk bakgrund som grund till de olika teorier 
som kommer att diskuteras. Sannolikheten att upptäcka en positron med ursprung från de teorier vi 
diskuterat är extremt liten och för vissa teorier även omöjligt.  
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2 Introduction 

2.1 Background 

Carl D. Anderson received the 1936 Nobel Prize in physics for the discovery of the positron, the 
antiparticle of the electron. During an experiment designed to observe cosmic rays Anderson 
observed a track of a positive particle with a mass about equal to that of the electron in a cloud 
chamber and concluded that it must be the "mirror" of the electron. However, strangely enough the 
supposed particle came from below the chamber.  

2.2 Scope 

The origin of the upward motion and energy of the positron will be the focus of this report. The 
report will cover a historical background of Anderson’s experiment and cosmic rays, along with a 
theoretical background on particle physics and relevant phenomenon needed to explain the different 
theories on the upward moving electron.  

2.3 Objective 

The aim for this project was to determine the most probable explanation on how an upward moving 
positron with energy 63 MeV could have reached Anderson’s cloud chamber during his experiment.  

3 Historical and Theoretical Background  

3.1 The History of Cosmic Rays  

In the early 20th century, many physicists performed studies of the atmospheric ionization. The 
measurements were conducted using an instrument known as an electroscope which is a very simple 
instrument that can measure atmospheric ionization [1].  
 
The most common type of electroscope was the gold-leaf electroscope, which consists of a vertical 
rod with two parallel gold leafs hanging from the end. A disk or ball is attached to the rod, where the 
charge is applied. When the disk becomes charged, the gold leafs gains an opposite charge and repel 
each other. The ionization can be measured by the movement of the gold leafs.  
 
During this time, radiation and radioactivity had recently been discovered and the ionization was 
believed to be caused by x-rays or gamma-rays, originating from outside the electroscopes. In 1903, 
Ernest Rutherford and others found that if the electroscopes used were shielded with non-
radioactive metals the ionization was reduced. This meant that a part of the ionization really was due 
to some sort of penetrating radiation, which then was thought to originate from radioactivity in the 
Earth’s crust.  
 
German physicist Theodore Wulf later improved the electroscope design by replacing the traditional 
gold-leaf design with two metalized silicon-glass wires. This design was more sensitive and reliable, 
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being able to measure production-rates as low as an electron-ion pair per second. In 1911, Wulf used 
this new design to measure the intensity at the top of the Eiffel tower and found less intensity than 
at ground level. This in itself did not prove much, but was still more than what was expected if the 
radiation was originating from the Earth’s crust.  
 
In 1912, Austrian physicist Victor Franz Hess, concerned by Wulf’s results, measured the ionization 
of the atmosphere during balloon flights. In one flight, reaching over 4 km height Hess found 
something surprising. The ionization did not decrease with increased altitude, but instead increased. 
This was the complete opposite of what was expected using the current theory and was the 
beginning of cosmic-ray physics.  
 
It did not take long before Hess stepped forward with an explanation to this observation. During a 
meeting in Münster, Germany, 1912, he said that: 
   “The discoveries revealed by the observations here given are best explained by assuming that 
radiation of great penetrating power enters the atmosphere from the outside and engenders 
ionization even in the counter lying deep in the atmosphere. The intensity of this radiation appears 
to vary hourly.” [2] This discovery finally led to a Nobel prize in 1936, shared by Victor Hess and 
Carl Anderson [3]. 
 
There were still scientists that were far from convinced by the words of Hess. One of these was the 
renowned physicist Robert A. Millikan at Caltech, working with a colleague. Using an unmanned 
balloon they were able to conduct measurements of the ionization at a height of 15 000 m. Even 
though the measurements were conducted at a higher altitude than the measurements of Hess, the 
intensity of the radiation was only one fourth of what Hess had measured. Millikan also did 
measurements in two different high-altitude lakes were he found that the intensity was greatly 
reduced when measured under water. Two meters of water was the equivalent of about 2 km of air. 
Comparing the results from the two lake measurements finally convinced him and much of the 
science community that the rays actually came from above.  
 
Now remained the mystery of what this radiation actually was, which proved to be a completely 
different and difficult task. Millikan thought this to be electromagnetic radiation, more specifically 
gamma-rays produced as by-products of interstellar fusion. These gamma-rays then produced 
electrons by Compton Scattering. This coined the name “Cosmic Rays”. However in 1929 the 
physicists Walter Bothe and Werner Kolhörster performed experiments where cosmic-ray particles 
penetrated 4 cm of gold. This would be impossible for photons from Millikan’s proposed fusion 
process. Such penetration would require much higher energy. The conclusion was that cosmic rays 
must in fact be particles. In 1945, after further investigations it was confirmed that cosmic rays are 
mostly protons when entering the atmosphere. 
 
During the time that Millikan was studying cosmic rays, he was a professor at the prestigious 
California Institute of Technology, more commonly known as Caltech. This gave him the necessary 
resources to conduct research across many different fields. His discovery of the electron charge and 
verification of Einstein’s photoelectric equations eventually led to the first out of 32 Nobel prizes in 
Caltech’s history in 1923 [4].  
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3.2 Anderson’s Experiment and the Positron 

Carl D. Anderson, born 1905 in New York, graduated with a bachelor’s degree in Physics and 
Engineering at Caltech in 1927. Shortly after this, he continued with his Ph.D. studies under the 
supervision of Millikan, which he finished in 1930. Following his degree, Anderson got the 
opportunity to keep working with Millikan and together they continued the studies of Cosmic Rays 
[5].  

3.2.1 The Cloud Chamber 

In the summer of 1930 Anderson designed a cloud chamber (also known as Wilson chamber) with 
the purpose of measuring the energy of cosmic ray particles.  
  
A cloud chamber is a sealed container enclosing a supersaturated vapor. Charged particles will ionize 
the vapor and make droplets of mist. Charged particles produce ionization that can be detected 
when penetrating the chamber. Since the ionization depends on the charge, charge one particles can 
be distinguished from particles of higher charge because the track from the lesser charged particles is 
thinner. A cloud chamber is activated by gas expansion (see figure 1). The expansion cools the gas 
and makes the cloud chamber active for a short time, roughly 0.025 seconds. It then takes at least a 
large fraction of a minute before the chamber can resume. 
 

 
 
 
The idea to use a cloud chamber for cosmic ray studies originated from an experiment performed in 
St. Petersburg by physicist Dmitri Skobelzyn [6]. In his experiment to measure radiation, Skobelzyn 
had found tracks that mysteriously appeared, and this was thought to be the first visible detection of 
cosmic rays [7]. This discovery was not as remarkable to Skobelzyn as it was to Millikan because he 
now had his way of measuring the energy of the cosmic rays. He realized that if you place the 

Figure 1: An overview of the Wilson Cloud Chamber. [18] 
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chamber inside a magnetic field, you can measure the energy of a particle by simply measuring how 
much the track bends. 
 
A charge particle track will curve if the cloud chamber is exposed to a uniform magnetic field. 
Particles with positive and negative charge will curve in opposite directions according to the Lorentz 
force law: 

                                               (1) 
 

F is the force, q is the charge of the particle, E is the electromagnetic field, v is the velocity and B is 
the magnetic field. Hence it is possible to distinguish oppositely charged particles, since they would 
not have the same directions of force.  

 

3.2.2 Anderson’s Setup 

The constructed chamber was small, 17 cm in diameter and 3 cm thick. It was inserted between two 
coils about 1 m in diameter, made from copper tubes that carried cooling water as well as electric 
current. These coils placed on both sides of the chamber left a small space in between the coils, for 
particles to move freely. These components together with the framework weighed over 2 tons and 
the apparatus took several weeks to construct. Together with a large motor-generator with a rating 
of 425 kW Anderson was capable of maintaining a magnetic field, parallel to the coil central holes, 
of 17000 gauss (1.7 T). To put this into perspective, 425 kW was about 1/10 of the power needed to 
power the entire campus at Caltech and Anderson was only allowed to perform his experiments at 
night to avoid problems with the rest of campus.  
 

Figure 2: Carl Anderson adjusting the camera in front of his finished apparatus.[23]  
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To perform measurements on the tracks, Anderson had also set up a camera (See Figure 2) that took 
photos of the chamber. There was only a slight problem with this; there was no way of knowing 
when a track would be visible. Therefore most of the pictures caught no track. Anderson’s way of 
solving this was to take around 1600 pictures. Since the cloud chamber was active roughly 0.025 
seconds this would make a total activated time of 40 seconds. A special feature of Anderson’s 
experiment was the introduction of a 6mm lead plate into the chamber, making it possible to decide 
if a particle was moving upwards or downwards. This was possible because the particle will get a 
decreased radius of curvature when it penetrate the lead plate and lose energy. Millikan had opposed 
to the introduction of the plate. He deemed it unnecessary because of his conviction that cosmic 
rays come from above, and nothing originating from the bottom of the chamber would be observed. 
 

3.2.3 The Positron Track 

On the evening of August 2, 1932, Anderson studied photos from the cloud chamber and noticed 
something peculiar. To their surprise they got a track with curvature opposite to that of an electron 
but the radius implied that the particle seemed to have a mass much less than a proton and of the 
same order of magnitude as an electron. Another strange detail that was not discussed was the fact 
that the track originated from the bottom of the chamber. 
 

Figure 3: A schematic diagram of Anderson’s apparatus. [6] 
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Figure 4: Anderson’s photograph of the positron track.[19] 
 
 The track indicated the existence of a particle with the same properties as the electron but with 
opposite charge. The energy for this particle was 63 MeV before it reached the lead plate and 23 
MeV after it emerged. The momentum of the particle can be calculated with the following equation: 
 

  
   

            
                         (2) 

 

  is the momentum in      , B is the magnetic field strength in T and R is the radius of curvature 
in m. The energy can then be calculated with: 
 

                                   (3) 
 
The track of the positive electron could be a great discovery and Anderson, on the suggestion of 
Millikan, quickly submitted a brief article named The Positive Electron to the Journal of Science in 
February 1933. In a larger paper named Cosmic-Ray Positive and Negative Electrons, published in June 
the same year, Anderson discusses possible interpretations of the positive electron track: 

 The particle is a proton. 

 The track is in fact two tracks of electrons moving downwards.  
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 The track is from an electron that somehow gained energy when penetrating the led plate.  

 The particle is a positively charged electron. 
 
The existence of the positron was quickly accepted by the science community following Anderson’s 
articles. The discovery earned him a Nobel Prize in 1936, shared with Viktor Hess. It  is interesting 
to note that Anderson did not discuss the contradiction that the positron originated from below the 
chamber in his Nobel lecture. 

3.3 Following the Positron 

The existence of positrons had in fact already been predicted by English theoretical physicist Paul 
Dirac. In his article The Quantum Theory of the Electron, published in 1928, Dirac discusses his 
relativistic version of the Schrödinger wave equation and how it leaves room for the existence of 
“antielectrons” [8]. Even though the article had been out long before Anderson started his 
experiments, Anderson himself clearly stated that the discovery of the positron was “wholly 
accidental” [9]. He was not aware of Dirac’s theory when he performed his experiment. The theory 
had not gotten much notice, much due to its complexity and theoretical nature. 

3.3.1 Pair Production 

Dirac’s work did however become very useful after the experimental discovery of the positron. 
Physicists Paul Blacket and Giuseppe Occhialini suggested that positrons are created in what is 
known as pair-production, the seemingly spontaneous creation of an electron-positron pair. What 
Blacket and Occhialini had done was pretty much the same as Anderson, but they incorporated the 
use of Geiger counters to trigger the camera, which made sure that a picture would be taken when a 
charged particle passed through their Wilson chamber. At this point pair-production was an 
unconfirmed theory and seemed not to have any quantitative support, but knowledge of the Dirac 
theory had led them to believe that this could be the case.  It was later explained that pair-
production could be induced by gamma-ray photons interacting in the coulomb field of an atomic 
nucleus. 
 
The energy needed for the pair-production is supplied by the gamma-ray photon and has a 

minimum of       (  is the mass of the electron/positron). The photon interacts with the 

electromagnetic field of the nucleus to produce the     -pair. Any excess energy becomes either 
kinetic energy or a new photon with less energy (neglecting the very small recoil energy of the 
nucleus). This can be described in two reactions: 

                                                                                         (4) 

                                                                        (5)           
  
The probability for pair production to occur is higher for photons with more energy and increased 

with atomic number of the matter as    [24]. The discoveries of more of Dirac’s predicted anti-
particles coined the term antimatter, a term that Dirac himself did not use but came naturally when 
speaking of anti-protons and anti-neutrons.  
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3.3.2 The Muon and the Pion 

Anderson was not satisfied with only finding one new elementary particle. For two years Anderson 
and his student Seth Neddermeyer carried out experiments in the same cloud chamber that was used 
earlier by Anderson. In one particular experiment they placed a 1 cm platinum plate in the chamber, 
which revealed a particle with negative charge but it lost less energy when it penetrated the platinum 
plate than an electron. The new unit particle was initially named mu meson, but was later renamed 
muon. The muon has a charge one and a mass of 105.7 MeV/c2

 which is about 200 times the mass 
of the electron. To explain the mechanism of the strong nuclear interaction, Professor Hideki 
Yukawa had earlier predicted the existence of a new particle with a mass in between the electron- 
and proton mass. He thought that Anderson and Neddermeyer had found that particle but the 
muon had longer lifetime (about 2 μs) and lost less energy when it penetrated matter than what was 
predicted. 
 

What was to become known as the pi meson (later the pion) was first discovered by a group of 
physicists at the University of Bristol in England. Cecil Powell, César Lattes and Giuseppe 
Occhialini were the trio that together proved the existence of the pion. This discovery earned 
Yukawa a Nobel Prize in 1949, for predicting the existence of the pion, eleven years before it was 
found. Powell received the Nobel Prize in 1950 for this discovery [16].  
 
In later years it was found that the muon differed a lot from not just the pion, but also from other 
discovered particles. With the discovery of quarks and the introduction of the Standard model, the 
term meson became a type of hadron. Hadron is defined as particles made up of quarks [11]. There 
are two major categories of hadrons, baryons and mesons. Baryons are particles made up of three 
quarks, while mesons are particles made up of a quark and an antiquark.  

3.3.3 The Standard Model 

To further explain the evolution of modern cosmic rays, a look at the nuclear forces is needed. The 
Strong Nuclear force, also known as Strong interaction is one of the four fundamental interactions 
[12][13]. The Strong interactions mainly holds quarks together to form hadrons. For the case of an 
atomic nucleus, the interactions between the quarks in two nucleons can at short distances 
overwhelm the repulsive electromagnetic forces, and in turn keep the nucleus stable. The Weak 
Nuclear force or the Weak interaction is responsible for decay of leptons and quarks into lighter leptons 
and quarks as well as for many radioactive decays [14].  
 
These discoveries were the building blocks of what today is known as the Standard Model, codified in 
1970. The Standard Model sums up known particles and forces and has been successful in predicting 
several elementary particles. The model describes the different elementary particles by dividing them 
into categories. We have the matter particles which have two major groups; 

 Leptons are elementary spin-
 

 
 particles that are not affected by the strong force. The best 

known of these particles is the electron, but there are 5 others. These are the muon, the tau-

lepton and the three corresponding neutrinos.   

 Quarks are fundamental particles which make up matter. There are six types called up, 

down, charm, strange, top and bottom, together these make up any non-lepton matter 

particle (hadrons). 
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Each matter particle also has anti-particles with opposite charge denoted with a bar over the quark 

letter (e.g.  ̅ for the anti-up quark). 
 
The second category is known as the force carriers (gauge bosons) which are the particles that carry the 
fundamental forces. 

 Gluons carry the strong force.  

 W+, W- and Z bosons, known as the weak bosons, carry the weak force. The W bosons carry 

electrical charge and the Z is neutral. 

 Photons carry the electromagnetic forces.  

 Higgs bosons, are components of the Higgs field which gives mass to fundamental particles. 

There is also a theoretical particle which has not been observed, namely the graviton which carries the 
gravitational force.  

  
Figure 5: The elementary particles of the standard model.[21]  

3.3.4 Air Showers and Decay Processes 

There are only a few particles in the standard model that are stable and do not decay. The stable 
particles are neutrinos, electrons and positrons as well as the up and down quarks. Protons, which 
make up the majority of the cosmic rays at atmospheric height, are made up of two up and one 
down-quark. When entering the atmosphere, protons collide with nitrogen and oxygen nuclei, 
producing secondary particles [15]. The majority of the secondary particles are pions, but there are 
also kaons and baryon-antibaryon pairs being produced, if there is enough energy. These particles 
will further interact with the air and some less stable particles will decay. The particles produced in 
the second reactions are the same as the ones in the first collision, but with less energy. This process 
will repeat itself creating a cascade of particle collisions and decay known as an air shower. An 
Illustration of air shower processes is seen in appendix A1.  
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There are three different types of pions,       and   , each consisting of a quark and an antiquark. 

   and    are made up of one up and one down quark/antiquark. Since the two types of quarks do 
not share electrical charge, this also gives the pions an electrical charge. The dominating decay of the 

charged pion is to a muon and a neutrino. The lifetime is about      s. The    consists of only one 

type of quark (  ̅   ̅). The    has an extremely short lifetime and almost always decays into two 

photons during the air showers. It is also worth noting that the    has a different rest mass (134.98 

MeV/c2) than the   and    (139.57 MeV/c2). There are also two different types of muons (     , 
rest mass 105.66 MeV/c2) which is the muon and the antimuon. These particles usually decay 
(lifetime about      s) to neutrinos and electrons/positrons. The following decays are the most 
dominant. 

                                                                              (6) 

                           (7) 

            ̅              (8) 

             ̅              (9) 

          ̅                                                           (10) 

 

There is a possibility for a pion (     ) to skip its decay into a muon and create a positron and a 
neutrino, leaving the created positron with more energy. The fraction of pions that decays in this 

way is about     . There is also a second possible decay for    -particles. It is possible for     to 

decay directly into an electron/positron pair as well as a photon. The fraction of     that decay in 
this way is about     . These rarer decays that produce positrons are described with the following 
equations. 
 

                                                                                                  (11) 

                                                                     (12) 

3.4 Ionization 

A free proton will lose energy when it penetrates matter due to ionization. When the proton passes 
atoms in matter it knocks out electrons and lose energy. The energy loss is greater for matter with 
heavier nuclei because heavier nuclei imply more electrons and therefore higher probability to knock 
out electrons.  
 
The energy loss per unit length for charged particles varies depending on the kinetic energy.  
The energy loss per unit length decreases with increased kinetic energy and reaches a minimum for 
kinetic energy higher than twice the rest mass. The ionization in this region is called minimum 
ionization. The ionization is decreased due to the increased velocity of particles with higher kinetic 
energy. However if the energy is further increased the ionization will be higher (see figure 5). This is 
explained by relativistic effects altering the particles electric field to be perpendicular to the particle 
direction. 
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.   
Figure 6: The stopping power (numerically equal to the energy loss from ionization) for a   particle in copper. [20] 

3.5 Nuclear Interaction Length 

The nuclear interaction length is the mean path that is required to reduce the amount of free 
protons by a factor of e-1. The average length before for a proton react can be calculated with: 

                
  

 
             (13) 

Where   is the average path,    is the nuclear interaction length of the matter and ρ = the density of 
matter. The following formula can be used to get fraction of non-interacting protons that get 
through the matter: 

               
  

                        (14) 
Where φ is the fraction of protons and x is the distance travelled through the matter.  

3.6 Radiation length 

When a high energy electron penetrates matter it can be deflected by a nucleus, this prompts a high 
energy photon to be released (bremsstrahlung) and the electron loses energy. The photon can create 
an e- - e+ pair by pair production in the field of a nucleus. The electron/positron can in turn make 
bremsstrahlung-photons. The radiation length is the mean path that a high energy electron traverse 
until it loses all but e-1 of its original energy. Energy loss from ionization will dominate for low 
energy electrons (under or around 10 MeV).  

4 Calculations and Results 

The 1932 proof for the existence of the positron was undeniable, but there was a fact that was 
ignored by seemingly everyone that read Anderson’s articles. How could the positron have come 
from below? Neither the scientific literature not in textbooks has there been any in-depth discussion 
of the positron directly. We have come up with four different theories whose processes and 
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probabilities we will discuss in the following section. The section also includes some discussion on 
how Anderson´s explanations for the visible track not being a positron are improbable.   

4.1 Anderson’s Explanations 

In section 3.2.3 we mention Anderon’s hypotheses regarding the positron track. We will discuss 
them below. 

4.1.1 Two electron tracks 

It was mentioned earlier in the report that the track from the positron could have come from two 
electrons moving downwards. Pictures with a sharp track occurred only once every 500 exposures. 
Error! Reference source not found. By looking at Figure 4 we see that the track is very thin 
compared to the chamber. If the track is actually two tracks the probability is still really small that 
they overlap perfectly. Another objection against this hypothesis is that the two electrons would 
create two tracks at both sides of the led plate. To get a picture like the one in Figure 4 the cloud 
chamber must become insensitive exactly when the first electron reaches the led plate and the 
become sensitive again when the second electron have penetrated the led plate. The probability that 
this hypothesis is true is thus extremely small. 

4.1.2 The particle was a proton 

If the track came from a proton it would have had energy of only 300 keV[18]. A proton with this 
energy will suffer from heavy ionization-effects when travelling through the gas in the cloud 
chamber to the point where it will eventually lose all its energy. To estimate the range of the proton, 
we can use the following table, given by the National Physical Laboratory [19]Error! Reference 
source not found..  
 

Table 1 

Distance from end of range in air 
(mm) 

50 30 20 15 10 7 5 3 2 1.5 1 0.5 

Energy loss for a proton (keV/mm) 20 24 29 33 39 47 55 70 82 91 95 77 

 
The table only gives values for the energy loss at specific distances from the end range. We used the 
table to instead create an approximation that uses intervals instead of specific points. The limits for 
the intervals were simply the regions halfway to the nearest points. This method is a bit flawed in the 
sense that the relationship between the distance and energy loss is not linear, but this does not 
change the end result significantly.  
 

Distance from end of range                       Energy loss                  

                                                                                                            

                                                                                                            

                                                                                                               

                                                                        ∑              
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Since the track in figure x is over 50 mm long the particle cannot be a proton.  

4.1.3  An electron gained energy  

Anderson had theorized that the track in fact was an electron that gained energy when travelling 
through matter. Electrons lose energy due to bremsstrahlung when penetrating matter. An electron 
should therefore lose energy if it penetrates a lead plate. This hypothesis seemingly contradicts the 
law of conservation of energy and is deemed impossible.   

4.2 Muon Decay 

It was stated in section 3.2.3 that the positron had kinetic energy of 63 MeV before it reached the 
led plate. Can a muon decay result in a positron with such high energy? Muons and other cosmic ray 
particles move downwards. The law of conservation of momentum implies that the velocity of the 
muon should be small to enable the production of a high energy positron moving upwards. The 
muon will not have any velocity if it gets stuck in the iron plate below the cloud chamber. However 
if the muon penetrate a distance through the iron, the produced positron must go through that 
matter on the way up and therefore lose energy. The muon decay is a 3-body decay (see equations 9 
and 10) and with the muon at rest the positron energy carries from zero up to maximum of about 53 
MeV, corresponding to 50% of the muon rest mass (neglecting the neutrino masses). 
 
The probability for a positron close to the maximum of 53 MeV is very small and taking into 
account also an energy loss of the positron makes this possibility very unlikely. The energy spectrum 
for positrons/electrons created from muon decay has been illustrated in Figure 7. 
 

 
Figure 7: Illustration of the Electron spectrum in muon decay. 

 
 
53 MeV is the ideal maximum energy assuming a stationary muon neglecting any energy losses. The 
positron found by Anderson had energy 63 MeV, meaning that the muon had to already be moving 
upwards before the decay. The required upwards motion combined with energy losses that occur 
when moving through the iron, concludes that a 63 MeV positron cannot be produced by muon 
decay alone.  
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4.3 Pion Decay 

Pion decay has many similarities with the muon decay scenario. We wish for it to stick to the iron 
plate at the bottom of the chamber before it decays. This in itself is an improbable assumption 
seeing as a low energy particle will travel slower and in turn have a higher chance of decaying before 
it has reached the iron. Using the same principle of momentum conservation as with muon decay we 
can deduce that 50% of any mass lost in the decay can become energy for a decay product (assuming 
there are at least two products). Recall section 3.3.4, we mentioned that the most common pion 
decay produces a muon. For this decay, the muon energy can reach about 16.9 MeV. This implies 
that the decay of a stationary pion can produce a 16.9 MeV muon travelling upwards. Using the 
result from the previous section we know that a stationary muon can produce a 53 MeV positron. 
Together with the upwards motion and energy from a pion decay it is possible for a muon to create 
a positron with energy 63 MeV. The fact that pion decay is required complicates any possible 
scenarios and greatly decreases the probability that the positron was produced this way.  

4.4 Pair Production 

We wish to determine the possibility that a cosmic ray gamma photon reached the lead plate and 
created a positron moving upwards and an electron moving downwards. This would explain the 
track in figure 4 since both particles would bend to the left. If the pair production creates a new 
photon (equation 5) the gamma photon could have reached the lead plate in any direction. Pair 
production could also occur in the iron under the cloud chamber. Recall from section 3.3.1 that the 

probability for pair production is increased with atomic number of the matter as   . The probability 
in lead is therefore ten times higher.                                       

     
   

 

   
   

   

                                                                 (15) 

 
The probability for both of these cases to occur is difficult to determine since there are very little 
research to be found on gamma photon intensity. It is possible, but a quantitative approximation of 
the probability is difficult to perform.  

4.5 Bending in the Magnetic Field 

Here we discuss the possibility that the positron observed by Anderson was a comsic ray positron 
coming downwards but was bent by the strong magnetic field of the apparatus to penetrate the 
cloud chamber upwards. In our discussion we need to make a few approximations and assumptions. 
The first approximation is the size of the coils in Anderson’s setup. There is very little information 
on the sizes of the components in Anderson’s experiment. The information that does exist is the 
measurements of the cloud chamber and the pictures of the setup in the various articles that were 
published. In Figure 2 (section 3.2) we can get a rough approximation of the outer radius of the coils 
to be 40-50 cm and the inner radius to be somewhere around 20-30 cm. With these approximations 
we can no discuss the possibility that a positron, in fact came from above and later curved into the 
cloud chamber through bending in the magnetic field. We note that there is space for the positron to 
bend upwards as shown in figure 3. There is also the possibility that the positron came from a muon 
of pion that decayed in the magnetic field of Anderson’s setup. 
 
The radius of curvature of the incoming 63 MeV positron was measured to be close to 14 cm (from 
the photo). As the positron hit the led plate in the chamber, its trajectory was close to vertical. The 
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positron struck the led plate close to the center. We will begin looking at the simplest case where we 
assume a homogenous magnetic field within the inner radius of the coils and that the positron came 
from directly above. The magnetic field needs to be large enough for the positron to rotate 180 
degrees given the assumption that the positron came from above. With the radius of curvature being 
14 cm, a minimum of 28 cm of magnetic-field covered space is needed for the rotation to occur. An 
inner coil radius close to 30 cm is definitely possible according to the photos and figures given by 
Anderson.  
 
In the simplified version in the previous paragraph we assumed that the positron had entered the 
coil from directly above. The required inner coil radius can be reduced if we increase the angle of 
which the positron entered the coil. We have not been able to find any studies on how positron-flux 
depends on the zenith angle. However, there are studies that have determined that the flux of 

cosmic ray muons with energy less than 10 GeV is proportional to       where   is the zenith 
angle [22]. We assume that the flux of cosmic ray positrons will be distributed in the same way 
because of they are the leftovers of muon decay.   

4.6 Evaluation of particle flows 

The prevalence of free positrons and electrons has been determined through several studies. A plot 
of the flux of positrons and electrons can be seen in Figure 8. 

 
Figure 8: The differential spectrum of electrons and positrons multiplied by    .The added plot shows the measured 
positron/electron ratio as the points and the expected decrease as the grey area.[20] 

 
The positron in Anderson’s experiment had energy 63 MeV when passing through the cloud 
chamber. Such energies are not visible in Figure 8 but one can tell from the graph that high energy 
electrons are less common than those with lower energies. One can also not that the predicted 
positron/electron ratio (shown in the small plot of Figure 8) increases as the energies become lower.   
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Table 2 

Energy(MeV) Muon Flow dN/dE (          ) Electron/Positron Flow dN/dE (          ) 

10 100 28  

20 100 20  

100 99 6  

200 97 3  

 
Tabulated values for low energy electron/positron flow is shown in Table 2. The electron/positron 
ratio is approximately 1:1 meaning that the positron flow is half the tabulated value.  
 

 
Figure 9: A logarithmic plot showing the flux of particles versus atmospheric depth.[20] 
 

Although pion decay have been determined to be a possible origin of the positron. The flows of 
pions and positrons are extremely low in comparison to the flow of muons [20], making it even 
more unlikely that the positron originated from pion decay. The flow of these particles can be seen 
in Figure 9. The flow of pions are almost five orders of magnitude less than the muon flow. The 

flow of pions at ground level is less than               . The pion we require needs to have an 
extremely low energy, decreasing the flow even further. Recall from section 3.2.1 that the total time 
of chamber exposure was around 40 seconds. This means that only about 4 pions would have been 
close to the cloud chamber. This combined with the fact that pion decay rarely produces positrons 
with the correct energy makes the pion decay theory very improbable. 
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5 Process Evaluation and Issues 

For all of our theories the biggest problem was the limited information about Anderson´s setup. The 
limited information required assumptions and approximations that were based on pictures and 
figures. We do not believe the assumptions impacted the determination of the possibilities of the 
theories presented in section 4, but it did impact our thoughts on the probabilities. We decided that 
estimations of the probabilities of the various theories would have been too speculative to be of any 
value to the research. We have not been able to find incident angle dependencies and other 
important parameters for low energy cosmic ray particles. 
 
None of the theories is convincing enough to give any definitive answers. The most plausible out of 
our theories is a that the positron originated from cosmic rays and bent in the magnetic field of the 
setup. The other theories are questionable since the energies does not add up unless you assume 
there have been some error in calculations made by Anderson. We decided not to combine our 
theories during this thesis because it would be difficult to present any real discussion about this. 
There is of course the possibility of these effects interacting to form a positron with the required 
energy.  
 
Simulations of the different cases would have been helpful. With simulations we could have had 
proper numerical values instead of qualitative analysis.   
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6 Appendixes  

A1: Illustration of air showers  

 

 

 
 


