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1. Introduction 

1.1. Overview 

Variants of the Fission Track Analysis (FTA) methodology have been used for decades 

in many fields, such as nuclear forensics, safeguards investigations, radiometry, 

geology, and cosmology.  A fission-track (FT) is a microscopic-scale radiation-damaged 

site, which can be induced on a solid-state nuclear track detector – SSNTD                              

(e.g., polycarbonate sheet, mica, etc.) by a radiant array of nuclear fissions of a single 

particle under thermal neutron flux. In nuclear forensics, the tracks are developed and 

made visible by chemical etching of the SSNTD. Since an FT cluster arises from a 

single particle, it exhibits a stochastically round shape, which defines both the presence 

and the location of a POI. When detected with transparent or translucent SSNTDs, FTs 

have optical characteristics that enable their visualization and identification using 

transmitted or reflected light microscopy. 

The FTA Trainer is a cutting-edge simulation software application for nuclear forensics 

modeling. The software was developed using MATLAB App Designer infrastructure. 

The Application is exported as an executable file and can run on Windows-based 

computer without any specific environment or infrastructure.  

The application utilizes a versatile database based on Monte Carlo simulations and can 

be used for research purposes and employee training in nuclear forensics as well. For 

example, it's possible to simulate fission tracks accurately based on physical and 

radiation parameters, resembling light microscope images. These serve as foundational 

data for AI-driven decoder software and image analysis.  

Calculations can be made based on accurate real data. For example, by entering the 

diameter of the Fissile Material, Thermal neutron flux, Fission cross-section (Selectable 

between 235U, 233U, and 239Pu), Radiation time, and Fissile material mass, it is possible 

to calculate the number of tracks that are produced in a simulated Cluster. 

The simulation shows the spatial behavior of the fission products and the plane 

projection. In addition, it emphasizes the different appearance of the clusters depending 

on the distance between the fissile material and the SSNTD.  
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Using the FTA Trainer, the following options are configurable and simulations can be 

made based on specific parameters which the user demands: 

1. Size of a fissile particle. 

2. Enrichment. 

3. Mass of the fissile particle. 

4. Specific fissile isotope (Selectable between 235U, 233U, and 239Pu). 

5. Neutron flux. 

6. Energy of neutrons. 

7. Neutron flux radiation duration. 

8. Geometric Parameters. 

9. Multi Cluster generator (arbitrary and systematic). 

10. Different depths and slices of particle in the sample foil. 

11. 3-Dimensional visualization of the fission clusters. 

12. 3-Dimensional visualization of the fissions in the radiated particle. 

13. Projection of upper and lower SSNTD detectors. 

14. Nearness test for detecting potential overlapped clusters. 

15. Etching time influence on clusters based on semi-empiric experiment. 

16. ROI Cutting estimation ideal areas. 

17. Employee certification test. 

In addition, the following parameters can be Calculated: 

1. Calculation of a number of tracks based on physical parameters. 

2. Calculation of total fissile mass of a batch of clusters. 

3. Mini bulk and Micro bulk. 

4. Histograms of the fission products track lengths and the projected length on the 

SSNTD (after 3-dimensional slicing). 

5. Finale score for tested employee. 

By bridging theory and application, the software enhances nuclear forensics 

investigations, contributing to nuclear security and nonproliferation efforts. This 

versatile and accurate tool promises deeper insights and robust methodologies in 

nuclear forensics.  
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1.2. System Requirements 

Minimum computer requirements: 

1. Intel® Core ™ i7-1065G7 CPU 1.50 GHz. 

2. RAM: 16 GB. 

3. Windows 10 operating system. 

4. Free space memory: 5 GB. 

Recommended computer requirements: 

1. Intel® Core ™ i9-13900HX. 

2. RAM: 32 GB. 

3. Windows 10 operating system. 

4. Free space memory: 5 GB. 

 

Note:  עובד כגם בIOS 
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1.3.Installation 

Explain how users can download, install, and set up your app on their devices. 
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2. Getting Started 

The app based on visual components lay out design,  creating a user-friendly graphical 

user interface. By entering to the app, the main screen shows up as shown in ?.  

 

Figure 1.  Main Screen of the FTA Trainer Application 

The functionality in the application divided into 13 Tabs which the user can chose, 

depending on the functionality needed. By entering the tab on the upper side of the 

window, using the PC mouse, the application will open the chosen function tab.  For 

convenience, it's possible to pick "remote" tabs faster by pressing one of the arrows, 

which opens a shortcut list of all the tabs, as show in ?.  

 

Figure 2.  Main Screen of the FTA Trainer Application                                                                                       

displaying shortcut list of the functionality tabs 
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2.1. Physical Parameters Tab 

In this Tab, particle properties calculations can be made based on real given data. The 

calculations based on nuclear and particle physics theories according to proven 

equations. See ?. 

 

Figure 3.  Physical Parameters Tab 

In Section A, the user has the option to select from three different simulated isotopes: 
235U, 233U, and 239Pu. Each of these isotopes has unique properties and applications in the 

field of nuclear physics and engineering. 

In Section B it's possible to calculate the Number of Tracks which can be produced in a 

simulated Cluster. When the check box 'Use Total particle info' isn’t selected ( ), the 

user can enter any configuration desired. After choosing the parameters, by entering 

'Calculate Number of Tracks & Mass' button, the app will calculate the number of tracks 

for the specific configuration.  

In Section C, by choosing desired total particle diameter and enrichment and entering 

'Calculate Particle Physical Dimensions' will calculate the particle physical dimensions. 

Calculating the diameter of fissile material involves considering it as a spherical object 

with the fissile substance located at its center. In this scenario, we assume the absence 

of any neutron-absorbing materials within the sphere. It's possible to use the parameters 

from Section C in Section B by Selecting the check box 'Use Total particle info' ( ). 

Section D making visualization of the selected enrichment in pie percentage diagram. 

The enrichment status lamp will be Green when the particle is with natural enrichment,  
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Blue when the particle is depleted and Red when the particle enriched. The user can 

choose in this section the enrichment boundaries.  

Section E responsible for visualization preferences for another Tabs, will be discussed 

later.   

2.2. Single Clusters Generator Tab 

The Single Clusters Generator Tab allows users to create customizable single clusters 

by specifying either a chosen number of tracks or utilizing the automatically calculated 

number of tracks from the Physical Parameters Tab. 

 

Figure 4.  Single Clusters Generator Tab 

As default, the application has stored data base of 235U particle, with diameter of ?um, 

with X % Enrichment, with Y events (simulated fissions).  

Sections G and B share similarities with other Tabs, so there's no need to reiterate them.  

A 
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2.3. Fluorescence Simulation Tab 

Since the SSNTD is transparent its possible with real samples to generate an image 

which is three dimensional by using in depth auto focusing (Z-Stack) of the microscope. 

Fluorescence Simulation Tab is a tool for simulating this scenario.  

When the check box 'Enable Fluorescence Simulation' is selected ( ) in Section E of 

the Single clusters Tab, the app will perform Z-Stack 3-Dimnsional visualization 

simulation which demonstrates the repetitiveness of the track's lengths, identified by 

colors. The simulation will appear in Section A. See ?.  

 

Figure 5.  Physical Parameters Tab 

Section B summarizes all the relevant data of the simulated particle. 

Section C enables the user to clear the simulation or to save a '.tif' file of the simulation. 
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2.4.Graphical Axis Selection Tab 
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B 
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2.5.Single Clusters Projection Analysis Tab 
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2.6. Single Clusters Histogram Analysis 
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2.7. Multiple Clusters Generator Tab 
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2.8. Running LOG Tab 

 

  

A 

B C D 
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2.9. Nearness Test Tab 

 

  

A 
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2.10. Cutting Area Estimation Tab 

 

  

A 
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2.11. Manual Cutting Area Test Tab 

 

  

A 
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2.12. Final Score Tab 

After completing a test within the 'Manual Cutting Area Test' Tab, users have the option 

to assess the accuracy of their suggested cuttings by clicking the 'Import Results' button 

(A1). This action allows the software to import the user's recommendations and 

compare them against ideal cutting solutions. The process generates seven parameters, 

each representing a critical criterion evaluated in Section A. 

By selecting the 'Calculate' button (B1), the software computes additional intermediate 

parameters based on the seven criteria and presents a score percentage on the left side 

of Section B. Finally, by pressing the 'Final Score' button (C1), the software calculates 

the ultimate score. 

Users can also choose the level of expertise for the tested personnel, whether it's 

'Rocky,' 'Certified,' or 'Expert.' Keep in mind that higher expertise levels entail more 

stringent test requirements. 

See ?. 

 

Figure 6.  Manual Estimation Final Score Tab 
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2.13. Access Control Tab 

This tab provides users with control over the accessibility of critical functions within 

the application. Additionally, it offers users the ability to assess their computer's 

memory usage, providing an indication of the application's performance during 

simulations, whether it will run smoothly or with potential slowdowns. 

Section A: In this section the user can change access level from Employee level to 

Administrator level. By default, the application running with Employee level access, to 

change it the user need to enter a 6-digit password: "220495" and press the 'Enter' 

Button. 

In FTA Trainer Version 2.0, there are only 2 functions that accessible by switching to 

Administrator level: 

a) The option to do comparison between user's estimation cuts and the ideal cuts 

in the "Manual Cutting Area Test" Tab.  

b) The Option to Change the values in all the fields of the 'Manual Estimation 

Final Score' Tab. 

Section B: In this section it's possible to check the Read Access Memory of the 

computer by clicking the 'Check Usage' button. It is strongly advised to inspect memory 

usage before launching the application. If memory usage exceeds 60%, it is advisable 

for the user to consider freeing up memory space before initiating any simulations.  

See ?. 

 

Figure 7.  Access Control Tab 
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2.14. FTA Trainer General Buttons 

The application has 3 general buttons: 

Button A: "Clear All" button, serves as a function to reset the fields across all Tabs. It 

effectively erases the software's memory and restores all background parameters to their 

initial state, acting as a form of system restoration. 

Button B: "About" button, in providing users with information about the application 

itself. After clicking the button, its shows essential details about the application, such 

as its name, version number, and copyright information. This helps users quickly 

identify which version of the application they are using. "About" button serves as an 

information hub, offering transparency, contact options, and valuable resources to 

users. It enhances the user experience by providing access to essential information. 

Button C: Users may want to know who developed the application. The "Credits" 

section includes information about the companies and the individuals responsible for 

the software's creation. 

See ?. 

 

Figure 8.  FTA Trainer General Buttons 
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3. Using FTA Trainer Application 

Detail the core features of your app and provide instructions on how to use them effectively. 

Break down complex features into sub-sections for clarity. 

3.1. Physical Parameters Tab 
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3.2. Single Clusters Generator Tab 

 

Comparison Between Real and Simulated Single Clusters is shown in ?. The simulated 

clusters (Red centered) and the original single clusters look very resemble. 
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Figure 9.  Comparison Between Real and Simulated (Red centered) Single Clusters  
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3.3. Graphical Axis Selection Tab 
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3.4. Single Clusters Projection Analysis 

 

 

Figure 10. Projection Analysis Tab 
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3.5. Single Clusters Length Histogram Analysis 

 

 

 

 

 Figure 11. Fission Tracks Lengths Histogram Analysis Tab 

 

 

 

  



 

® All Rights Reserved to Rami Babayew 

29 

Nuclear Engineering Unit 

 

3.6. Running LOG Tab 
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3.7. Multiple Clusters Generator Tab 

 

 

Figure 12.  Generating Multiple Random Sized Clusters 
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3.8. Nearness Test Tab 
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3.9. Cutting Area Estimation Tab 
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3.10. Manual Cutting Area Tab 

 

 
Figure 13.  Manuel Cutting Area Test in progress 

After the test is completed, it's possible to compare between the selected areas to the 

generated rectangles visually. The comparison gives an option to the user to do a 

reflection on his own abilities. See?. 

 

Figure 14.  Cutting Area Estimation Tab 
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3.11. Finale Score Tab 
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3.12. Access Control 
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4. Settings and Preferences 

Explain how users can customize their app settings and preferences to tailor the experience to 

their liking. 

  



 

® All Rights Reserved to Rami Babayew 

37 

Nuclear Engineering Unit 

5. Troubleshooting 

Offer guidance on how to resolve common issues and provide answers to frequently asked 

questions. 
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6. Security and Privacy 

Highlight the security measures in place to protect user data and explain how users can 

manage their privacy settings. 
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7. Updates and Maintenance 

Inform users about how to keep their app up-to-date and provide maintenance tips for optimal 

performance. 
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8. Legal Information 

Include links to your app's terms of service, privacy policy, and any relevant licensing 

information. 
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9. Feedback and Suggestions 

Encourage users to provide feedback and suggest new features, and explain how they can do 

so. 
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10. Conclusion 

Wrap up the user guide with a thank-you message and any additional information you want to 

convey. 


