Spring 2010 Research Report

Nathan Mertins

High Energy Physics Research Group

Florida Institute of Technology

OBJECTIVE

This semester, I continued development of my GEANT4 simulation used to model the Compton scattering and photoelectric effects within a gas electron multiplier (GEM) detector. This simulation will be used to verify the experimental readings taken using an iron-55, cadmium-109, or cobalt-57 source. By comparing the results of this simulation with experimental data, we can identify extraneous readings and further refine our collection methods.

SIMULATION DEVELOPMENT


The code used in this simulation can be found on our computing cluster at uscms1.fltech‑grid3.fit.edu in directory home/g4hep/geant4/examples/mytestapps/nathan/Cd109. This directory contains the source and header file directories, configuration file, simulation outputs, and the main program file. The code is compiled using the make command and can then be run with the command Cd109 config.txt.
In January, this simulation was still in the early stages of development and could barely compile, was unable to return any information pertinent to the photons’ behavior in the GEM, and due to its method of collecting data, could not run on the cluster. Today, the simulation is more streamlined, allowing it to run on the cluster, and can output the number of Compton scattering and photoelectric interactions by volume, as well as the number of non-interacting photons. All of this data is neatly written to a text file, ready for analysis.

The most obvious difference is the reduction of the detector geometry from the four triple GEMs used in the muon tomography station (MTS) (Fig. 1) to a single detector (Fig. 2). 
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I used the detector geometry initially developed by Kondo Gnanvo as a starting point for my own simulation’s geometry. Kondo’s original code created the MTS by first defining a triple GEM detector and then using a replication function to duplicate and stack several of these detectors in the desired configuration. By removing this replicating function and modifying the remaining logical volumes in which the detector is placed, you are left with a single detector.

The method for counting Compton scattering and photoelectric events has also been completely redone. This entailed creating a new SteppingAction and RunAction to store and output the number of interactions and the energies of the secondary photons created in the GEM. The original strategy involved defining a logical volume for each part of the detector we wanted data for and declaring that volume as a “primitive scorer” with the GEANT4 class G4MultiFunctionalDetector. For the purposes of my simulation, this proved to be an unnecessarily complicated way of obtaining some very simple information. In GEANT4, the user has direct access through the SteppingAction to various types of information regarding the particular particle being tracked, including the number of secondary particles created in each step and the type of interaction that generated them. Collecting this data through the simulation's SteppingAction is much more efficient and allows the simulation to run more smoothly.

RESULTS AND DISCUSSION
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Once the changes described above were implemented, the simulation could be run on the cluster for the first time, allowing us to run it with significantly more events, thus producing more accurate data. All of the results here were obtained from simulations with 1 million events.

One can clearly see that as the energy of the incident photon increases, the number of photoelectric events decreases and the number of non-interacting photons increases. There is a slight increase in the number of Compton scattering interactions as energy increases but the magnitude is not as dramatic as that of the non-interacting. We also notice that for some energies, the sum of the total number of interactions with the number of non-interacting photons is actually greater than 1 million. This shows that some photons are causing more than one interaction. For this to occur, the first interaction must be a Compton scattering, which produces an electron and another photon of lower energy than the intial. This secondary photon can then go on to cause another Compton scattering or get absorbed somewhere in the GEM through the photoelectric effect.

Primary Interactions


For further analysis, we can break down the interactions by their location within the GEM. This is useful to us because the detector will only record an interaction if it occurs within specific parts of the detector. 
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In Fig. 4, we can see the increase in Compton scattering interactions as energy increases. Most of the interactions occur in the top and bottom supports, and therefore would not register as a hit in the GEM. For the detector to recognize the interaction, it must occur within one of the ArCO2 gas regions (green).
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Fig. 5 gives the breakdown of photoelectric interactions within the GEM. These results are much different than the Compton scatterings examined previously, which is expected as this type of interaction does not require as much energy to take place. This is reflected in the large number of photoelectric interactions occurring in the lower energy levels and the gradual decrease as incident photon energy increases. Notice that for 5.9 keV, the lowest incident energy simulated, only about 10% of the photons have enough energy to break through the top support. We also see that the majority of these interactions take place in the copper electrodes.

Secondary Interactions
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As mentioned previously, after an initial Compton scattering interaction, the resulting photon may go on to trigger another Compton scattering or photoelectric event, if it has enough energy. These secondary interactions can also be categorized by the volume in which they occur.


There is a similar pattern in the secondary Compton interactions (Fig. 6) as that in the primary Comptons (Fig.4), with the exception that the increase in the number of interactions in the highest two energies is much more pronounced. This makes sense because the secondary photons generated from the higher energy Compton scatterings are more likely to have the energy required to generate another Compton interaction.
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Again, the distribution of the photoelectric effects is much different than the Compton scattering. The secondary photoelectric effects (Fig. 7) also lack the resemblance to the primary photoelectric effects seen in the primary and secondary Compton scatterings. This is a result of the fact that the secondary photoelectric interactions depend on an initial Compton scattering. One similarity we do note is that these secondary photoelectric interactions are also occurring primarily in the copper electrodes throughout the GEM.

FUTURE IMPROVEMENTS


Despite these changes, there are still more tweaks that could be made to further improve the overall quality of this simulation. Some irregularities still remain in the Detector Construction that are merely covered with a band-aide. This would require a more meticulous reworking of the geometry to iron out and would be for purely aesthetic reasons, as they do not affect the operation of the simulation in its current state. Also, to make the simulation more user friendly, a messenger class could be added to enable the user to set the generated photons’ energy through the config.txt file instead of in the Primary Generator Action.
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�Figure � SEQ "Figure" \*Arabic �1�: MTS prototype





�Figure � SEQ "Figure" \*Arabic �2�: Single triple GEM detector





Figure � SEQ "Figure" \*Arabic �5�: Photoelectric effect in GEM by volume.See Fig. 4 for legend.
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Figure � SEQ "Figure" \*Arabic �6�: Consecutive Compton scatterings in GEM by volume. See Fig. 4 for legend. � EMBED opendocument.ChartDocument.1 ��� 





Figure � SEQ "Figure" \*Arabic �7�: Compton scattering followed by photoelectric effect in GEM by volume. See Fig. 4 for legend.� EMBED opendocument.ChartDocument.1 ���





� EMBED opendocument.ChartDocument.1 ���Figure � SEQ "Figure" \*Arabic �4�: Compton scattering in GEM by volume. 
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