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Abstract 

There are four naturally occurring alpha decay series; among them Thorium and 

Uranium decay series occur in nuclear emulsion as the form of “alpha stars” emitted 

from a common point having five tracks and four tracks respectively.  Nuclear emulsion 

is the photographic film with high spatial resolution.  Tracks of particles can be seen 

using a microscope after the photographic development of nuclear emulsion film plate.  

In this paper, photographs of Thorium and Uranium decay series in various shapes are 

presented and their characteristics are discussed.  This paper intends the students who 

studying nuclear physics to achieve the knowledge of alpha decay series by practically 

determining the alpha tracks in nuclear emulsion. 
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Introduction 

In Nuclear Science, the decay series refers to the radioactive decay of different 

discrete radioactive decay products as a chained series of transformations.  They are also 

known as “radioactive cascades”.  Most radioisotopes do not decay directly to a stable 

state, but rather undergo a series of decays until eventually a stable isotope is reached.  

Stable isotopes have ratios of neutrons to protons in their nucleus that start out at 1 in 

stable helium-4 and smoothly rise to ~1.5 for lead.  All nuclides having atomic number Z 

greater than 83 are unstable and disintegrate with the emission of either an alpha (α), 

which reduces the mass number of a nucleus by 4, or a beta (β) particle, which does not 

change the mass number. 
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Most of the radioactive nuclides found in nature are members of four 

radioactive series.  The first member of the series is called the parent, the intermediate 

members are called daughters and the final stable member is called the end-product.  

These series are Thorium series, Neptunium series, Uranium (or Radium) series and 

Actinium series.  The mass number of every isotope in these series can be represented as 

A= 4n, A= 4n+1, 4n+2 and 4n+3, respectively.  

  

In this paper, the characteristics of naturally occurring Thorium and Uranium series 

in nuclear emulsion of KEK-PS E373 experiment will be presented. 

 

1. Nuclear Emulsion 

Nuclear emulsion plates are fabricated by drying after pouring emulsion on both 

sides of polystyrene film (base).  The main component of emulsion is gelatin.  It contains 

silver halide microcrystals (AgX) with their size of 0.2µm.  The base film is used for 

support to avoid separation of the emulsion during photographic development.  

 

Nuclear Emulsion is the best three-dimension detector. It is used to detect 

charged particles, and measures the energies of particles more accurately than other 

detecting devices.  The masses of several elementary particles have been measured in 

emulsion immediately after their discovery.  It is also possible to measure the true 

rectified range of the particle and to determine the magnitude and direction of its velocity, 

the product of its velocity and momentum.  On the other hand, the ranges and lifetime of 

short lived particles such as hyper-fragments are easily measured.  Moreover, it can be 

used in radiation monitoring for the protection of people who work with radioactive 

material, X ray generators, and high-energy accelerators.  

 

2. Thorium and Uranium series  

The decay chain of Thorium and Uranium series are shown in Fig. 1 and Fig.2, 

respectively.  In those figures, τ represent the life time, the value with % indicate the 

percent branching and the value in keV unit express the kinetic energy of emitted alpha 

particles for corresponding nucleus. 

 

 

Thorium and Uranium series in Nuclear Emulsion 

 

Since, the time for pouring and development of nuclear emulsion plates took a 

year for E373 experiment, the five alpha decays from 
228

Th were observed in the decay 

chain of thorium series in both sides of emulsion plates.  In nuclear emulsion, a member 

of an alpha-active series as several tracks (Range = 20µm~ 50µm) may be found 

emerging from a common point.  This event can occur if the successive nuclides found 

are of short life.  Five alpha tracks are emitted from 
228

Th, 
224

Ra, 
220

Rn, 
216

Po and 
212

Po 

nuclides.  Some sample of thorium decay series and their schematic drawing are shown 

in Fig.3.  On the other hand, a 4-prong star of alpha decays (from 
226

Ra, 
222

Rn, 
218

Po and 
214

Po) can be observed from the decay chain of uranium series.  Samples of Uranium 

series in nuclear emulsion are presented in Fig.4. 
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Fig. 1.  Decay chain of Thorium series 
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Fig. 2 Decay chain of Uranium series 
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(A)  5 alpha tracks emerging from a 

common point 

Schematic Drawing of (A) 

 

 

(B)  4 alpha tracks emitted from a point 

and one isolated track which is track 

#5 

Schematic Drawing of (B) 

Fig. 3. Some sample of Thorium series in nuclear emulsion 

 

 

 

(C)  A 4-prong star of alphas Schematic Drawing of (C) 

 

 

(D)  Four alpha tracks emitted from a Schematic Drawing of (D) 
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point 

Fig. 4. Some sample of Uranium series in nuclear emulsion 

 

Identification of Radioactive Isotope from the Alpha Particles Ranges 

 

The identification of the radioactive isotopes is possible, in principle, from the 

alpha particle ranges.  The concept of the residual range is one that is quite important in 

emulsion analysis.  The residual range, R, is the average distance that a particle with a 

given velocity has to go before coming to rest.  It is a track variable that rises with the 

velocity, momentum and energy.  The residual range is an ideal distance or it is the 

expectation value of the path length required to bring the particle to rest.  Since the 

present emulsion is mounted pellicles, we need to consider shrinkage factor only in z 

axis (Sz = S) which means (Sx ≈ Sy ≈ 1).  When the emulsion shrinks only in the z 

direction, the range is obtained from the following formula 

 

       2
1

1

2
1

22
1

2
1 




n

i
iiiiii zzSyyxxR    (1) 

 

 Range of alpha particles can be measured by using the microscope system.  The 

measured point on a track and microscope system are shown in Fig. 5.  If we know the 

coordinates at point A (x1, y1, z1), and point B (x2, y2. z2), range of track #5 can be 

obtained by using Equation (2).  Range of other alpha particle tracks in Thorium and 

Uranium series are measured with the same manner as explained in above. 

 

       2
1

2
12

22
12

2
12 zzSyyxxR     (2) 

In above equations S express the Shrinkage factor which is the thickness ratio of 

emulsion at the time of beam exposure to the present time. 

 

 

 

 
  

(i) A Photograph of Thorium series in 

two dimensional view 

(ii) Microscope system for measurement of 

range of particle tracks 

Fig. 5. The photograph of a Thorium series in nuclear emulsion and microscope system  
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Result and Discussion 

 

 The appearance of Thorium and Uranium series in nuclear emulsion as a chain of 

disintegrations from a point is somewhat the same as that of a disintegration star called 

“alpha stars”.  Some samples of the decay chains of thorium and uranium series are 

shown in Fig.3 and Fig.4, respectively.  Since the time between the pouring and the 

development of the emulsion was in the range from several months to a year, five alpha 

decays from 
228

Th were observed in the decay chain of thorium series as shown in Fig. 

3(A).  Among the five α particles, the α-particle from 
212

Po has a separately higher 

energy (~8MeV in decay chain) than the others.  Therefore it has a longer range.  The α-

particle from 
228

Th is observed in a little distance from the others, because 
224

Ra may 

move thermally in its life time of 3.66 days as shown in Fig.3 (B).  On the other hand, a 

4-prong star can be observed from the decay chain of uranium series, as presented in 

Fig.4 (C).  Among the four tracks of α-particles, an α-track from 
214

Po is longer than the 

others because of its relatively high energy as shown in Fig.4 (D).  

  

Ranges of α-tracks in decay chain as shown in Fig.6 were measured and 

identified the radioactive isotope by comparing the range of α-tracks obtained by W.H. 

Barkas.  The results are shown in Table (1). The first column in Table (1) represents the 

Thorium and Uranium Series, Fig.6 (i) and Fig.6 (ii) respectively.  The second column 

represents the tracks numbers in figures.  Measured ranges of alphas in each series are 

presented in third column.  Ranges of alpha particles (radioactive isotope or alpha 

emitters) in standard emulsion by Barkas are expressed in fourth column.  The identified 

radioactive isotopes for each track in decay chains of Fig. 6 are expressed in the last 

column.  

 

 The measured range of alphas in each decay chain in nuclear emulsion plate of 

E373 is a litter longer than the range in standard emulsion because the values of the 

density of emulsion plates are different,  The more density is higher the more range is 

shorter.  Therefore, our measured range values are comparable with the range in standard 

emulsion.   

 

  
(i) A Photograph of Thorium Series (ii) A Photograph of Uranium Series 

Fig. 6. The photographs of Thorium and Uranium Series 
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Table. (1) Identification of Radioactive Isotopes in Thorium and Uranium Series  

Name of Series Track# 

Range of alpha 

tracks (µm) 

our result 

(ρ = 3.6 gcm
-3

) 

Range of alpha 

tracks in standard 

emulsion(µm) 

[ Ref: 2] 

(ρ = 3.815 gcm
-3

) 

Identified 

Radioactive 

Isotope for 

Fig. (6) 

Thorium Series 

Fig. 6 (a) 

#1 49.2 48.2 (
212

Po) 
212

Po 

#2 28.9 28.8 (
220

Rn) 
220

Rn 

#3 32.8 32.2 (
216

Po) 
216

Po 

#4 26.5 25.0 (
224

Ra) 
224

Ra 

#5 23.7 23.5 (
228

Th) 
228

Th 

Uranium Series 

Fig. 6 (b) 

#1 39.2 38.8 (
214

Po) 
214

Po 

#2 27.4 26.9 (
218

Po) 
218

Po 

#3 19.8 19.7 (
226

Ra) 
226

Ra 

#4 24.5 23.8 (
222

Rn) 
222

Rn 

 

 

Conclusion 

 

In nuclear emulsion, Thorium series and Uranium series can be seen as 5-prong 

star and 4-prong star, respectively in which one track is longer than the others.  The 

photographs of some sample of Thorium and Uranium Series are shown in Fig.3 and Fig. 

4, respectively.  In decay chain events, we found that an event such as all alpha tracks are 

emitted from a point and another event with some tracks are emitted from one point and 

others are emitted as an isolated track.  The measured ranges of alpha particles in the 

decay chain events are comparable with the ranges in standard emulsion.  Form the 

measured range of alphas; the types of radioactive isotopes are also identified. Now, we 

are developing image processing for measurement of range of particles not only using 

microscope system but also using only computer from slice pictures.  
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