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This semester began with some exciting advancements for my research, but also contained some serious setbacks.  For advancements, the importation of Garfield into the newly built and almost fully operational cluster in the High Energy Physics (HEP) lab is quite exciting.  I am sure this will provide us with great opportunity to advance the research without the hindrance of limited computational ability.  The major setback witnessed in this semester was the crash of my personal hard drive containing most of the information I had gathered so far.  Some of this information was recovered, but a large part was lost including some of the more advanced field-maps from FEMLAB.

Still, I persevered in re-installing Garfield on the cluster, even after a wipe of the entire data resident on the cluster.  The reinstallation of Garfield did not prove to be difficult after Klaus provided help in soft-linking to the correct libraries in Linux.  For posterity, the correct libraries that Garfield requires are both libshift.so.2.0 and libg2c.so.0.  We softlinked these files using ln –s.
After harnessing the raw power of the cluster, I was able to instruct Garfield to read some of the field maps I had recovered.  Figures 1 and 2 show the shapes and configurations of the field-maps.  Dr. Hohlmann and Klaus both suggested rotating the second foil in the three model plot, comparing to the output of the unaltered model.  I am still working on this model and updates to the existing models to more closely resemble the physical properties of the triple GEM that another team constructed in the HEP group.  

Figure 1 - Simple Model
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Figure 2 - Three Layers of Foils
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 The future work in FEMLAB will continue to refine these models.
The cluster allows for such quick work, it’s a wonder how much was achieved before it.  The first day that I was able to run Garfield, I imported, analyzed and converted to binary a field-map over 30 MB in roughly fifteen minutes, where our old Garfield rig would have taken closer to two hours.  The clusters power is also seen in constructing contour plots of imported field maps, such as Figure 3 on the following page.  The picture displays the contour plot of the simple model shown in Figure 1.  The potential runs roughly from 0 to 5000 V.  The numbers blurred a bit on the transition from the Linux OS of the cluster to my Windows box, but more images can be obtained that are clearer.  
Figure 3 - Simple Plot Contours of Potential
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This is just one of the images I was able to export from Garfield in Linux.  

I had also been working on some plots of the surface of the field-map, but quickly realized that Garfield produced plots of a surface of the potential.  I have e-mailed Dr. Veenhof at CERN regarding this problem.  I suppose there is a command in Garfield to allow me to view the surfaces of the field-map as solids.  The surface plot is shown in Figure 4.

Figure 4 - Potential Surface Plot
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This plot, of course, shows the gradient of the potential.

Upon viewing a similar plot for the three layered foils, Dr. Hohlmann noted that the foils were positioned too closely together.  This is why I do not have such an image for the three layered foils.  I have begun remodeling in FEMLAB to resolve this small problem.  
Throughout this process, the goal has been to import a GEM foil and drift electrons through the foil in the Drift section of Garfield.  Currently, I have not accomplished this due to some irregularities in Garfield.  When trying to produce a plot of a 1 GeV Muon traversing the chamber from (-1, -1, 1) to (1, 1, 1), no electrons are produced.  Figure 5 displays the problem.

Figure 5 - Drift Track without lines
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I am hoping that the solution to this small difficulty is just an alteration in the Area command.  This command allows the user to designate the plane along which to view the plot and the area of the window in which to place the plot.  Perhaps with some judicial tweaking, drifting electrons will be viewable.  This problem is similar to one I had last year in viewing electrons the avalanche from just such a track. 


To prepare for Florida Academy of Sciences in the spring semester, I must complete the following adjustments to models and solve the problems.
· Physical dimension of FEMLAB models

· Diversify output plots from Garfield

· Produce 3D images of the solid GEM foil in Garfield
· Drift electrons through the foil

Once I have completed these tasks, perhaps I will be able to answer questions comparing typical GEM setups to my simulations work and output.  


In conjunction with another lab student, David Pena, we hope to be able to have the cluster actually process a batch job from Garfield.  Currently, we have only been using the calculating power of one of the nodes as a result of not knowing exactly how to setup a file to run Garfield as a batch job.  Once we accomplish this, the cluster will become the ultimate tool for simulations.


In calculating the dimensions for the physically accurate GEM foil, I find the following values for volume, pitch, and length.

· Length = 0.030 cm

· Width = 0.030 cm

· Thickness = 0.005 cm

· Pitch = 0.014 cm

A representation of the size of the block follows in Figure 6.

Figure 6 - Kapton and Copper Block
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After I extrude the holes in the kapton using cones, I will have a more accurate description of our foils.  This will solve at least one of my current problems regarding the physical attributes of the field-maps I am using.  
Figure 7 - Physically accurate GEM foil in FEMLAB
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Figure 7 shows the physically accurate GEM foil.  The reason this foil had to be rebuilt is due to the fact that FEMLAB’s proprietary setting for units is one centimeter.  I failed to take this into account when I began constructing these foils last year.  

Constructing this model concludes the research I was able to complete during the fall semester.  I do plan on continuing this research in the spring and I hope to work diligently on it over the winter holiday.
Appendix – GEM Properties
I already quoted the dimensions of the kapton and copper block, but I will now list the other dimensions I used to construct the physically accurate GEM model.

For the conical holes (which impede charge buildup of the kapton), the dimensions are,

· Height = 0.0035 cm

· Semi-Angle = 29.745˚

· Internal Radius = 0.005 cm

· External Radius = 0.007 cm

The coordinates of the holes on the block are,

· (0.007cm, 0.006062cm)

· (-0.007cm, 0.006062cm)

· (0cm, -0.006062cm)

Finally, the composite model for the object is displayed in Figure 8.
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Figure 8 - Composite of the GEM Foil
