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Abstract.  Various designs for a muon tomography station prototype have been explored by our group using Solid Works to gauge the ability of our first prototype to meet our experimental needs given the current hardware that we have at our disposal.  A functional and efficient design was chosen that accommodates multiple top and bottom GEM (Gaseous Electron Multiplier) detectors with 30 cm x 30 cm active areas and can be adjusted to measure the effect that various detector gaps have on our images.  The data from our measurements will be compared against predictions made by simulations and used to optimize our tomographic images.  Future studies performed by our group will focus on designing an imaging station that can accommodate GEM detectors on two sides as well, defining an imaging volume with detectors on a total of four sides.

Introduction
One of the long-term goals of our research group at the Florida Institute of Technology, led by Dr. Marcus Hohlmann, is to design and commission large-scale muon tomography stations that can be used to image cargo containers at our nation’s ports and prevent the smuggling of nuclear contraband into our country more efficiently and less expensively than is done today.  We are still in the beginning phases of this project, and up to this point have been able to collect convincing data through exhaustive simulations that our long-term goals are quite feasible.  At this juncture we are ready to begin collecting real data from physical detectors to verify predictions made by our simulations and to refine our imaging techniques.  Our first muon tomography station will be collecting data from GEM detectors with 30 cm by 30 cm active areas that are mounted above and below the imaging volume.  Ultimately we will need to work with larger detectors and to use side detectors as well in order to meet our long-term goals, but for the time being we are working with the best detectors available to us.  Details about the specific detectors being used in a muon tomography station are one component of our project to consider, and the actual design of the station itself is another.  The design of the station itself addresses questions about how the detectors will be mounted and what geometry is most favorable.  This study addresses the challenges encountered in designing our first muon tomography station prototype and outlines the design process leading up to our first station that will be used to collect physical data.
First Generation Design
Our first generation prototype design attempted to incorporate top, bottom, and side detectors (on two sides) and was bulky and cumbersome in comparison to our final version.  It incorporated trays for the detectors to be mounted to and used hollow aluminum rods for support.  Trays would be mounted to the frame via grooves in the support rods.  Screwing down through the grooves and into the trays would generate a large normal force between the detector trays and support rods, and ultimately it would be static friction between the trays and rods that would hold the trays in place.  Grooves in the support rods and a friction fit would allow for continuous values of detector gaps to be explored.  Aside from its size, the main drawback to this design was that the support rods did not allow for the active area of the detectors to overlap on all four sides.  Active areas overlapped on two sides, but on the other two sides there was a gap between the active areas of the detectors.  This would have led to coverage issues that a four-sided system should not have.  Since the frame of the first generation design could not be easily altered to overcome this geometric problem, it was decided to pursue another design with a more favorable geometry.  Questions also arose as to whether the friction fit used to support the detector trays would yield adequate support.  Various images of our first generation design follow:
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First Generation Top View
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First Generation Front View
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First Generation Right Side View
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First Generation Three Dimensional View

Second Generation Design
As I began to work on a more favorable four-sided station another team member,  Dr. Kondo Gnanvo, pointed out that even if we had an effective four-sided system, we currently only have enough detectors to mount on two sides (top and bottom).  He suggested that we radically change our approach towards a cleaner, more efficient design that would accommodate top and bottom detectors only.  A simpler design would allow us to more easily meet production deadlines and would allow us to begin taking physical measurements with the hardware in our possession as soon as possible.  We decided to move in this direction and to pursue a design that would employ quarter inch stainless steel threaded rods emanating upward from a base support plate.  Detector trays would not be needed for this design, and the detectors would be supported by the rods directly, which would pass through fixation holes that each detector has in the same location.  The detectors have three fixation holes, and would therefore be supported on three sides.  Support for the detectors on three sides should be sufficient, as they are not very massive.  Because three support rods would be used in this design, an L-shaped base plate was chosen.  Various images of our second generation design follow, which include a target plate and high-Z material (supported by the target plate) to be   imaged:
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Second Generation Top View
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Second Generation Front View
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Second Generation Right Side View
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Second Generation Three Dimensional View
Third Generation Design
Dr. Hohlmann was the first to realize that three rods would not be sufficient to support our target plate, which in turn would have to support massive material.  He suggested incorporating a fourth rod that would extend beyond the detectors but still pass through the target plate.  The target plate would in turn gain the complete support it would need.  Because four rods are used in this design, we decided to employ a rectangular base plate.  Our second and third generation designs are very similar, and it was not difficult to make third generation changes.  In fact, both designs used the same components with the exception of the differing base support plates (of course the third generation target plate also has an extra hole through it).  The components used in our third and final design for our first muon tomography station prototype follow:  base plate, target plate, ¼ - 20 threaded stainless steel rods, ¼ inch washers (1 inch diameter), ¼ inch heavy hex nuts, 7/8 inch stainless steel coupling nuts, ½ inch nylon spacers, ¾ inch nylon spacers, nickel anti-seize lubricant for the aluminum base plate / stainless steel rod interface, muon detectors, and material to be imaged.  Various images of our third generation design follow, which include a more detailed muon detector assembly:
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Third Generation Top View
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Third Generation Front View
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Third Generation Right Side View
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Third Generation Three Dimensional View
First Muon Tomography Station Prototype

I finalized our third generation design and made it real by producing our first physical imaging station prototype.  I designed and machined both the base plate and target plate and acquired the remaining components (machining them to specification when necessary).  In order to prolong the structural integrity of our first prototype, special care must be taken when assembling the components.  Directions follow:
1.  Screw in a heavy hex nut by hand about two inches from the end of the threaded rod going into the base plate.

2.  Slide two washers in from the same end so they rest against the nut.

3.  Apply a light coat of anti-seize lubricant (nickel based) to the end of the threaded rod going into the base plate.

4.  Screw the threaded rod into one of the cylinders welded into the base plate.

5.  After the rod is screwed in all the way, tighten the heavy hex nut by hand.  Over tightening the nut using a wrench could damage the system.

6.  Repeat steps 1-5 for the remaining rods and cylinders.

7.  Lower the first detector so that it rests on the heavy hex nuts.

8.  Use the appropriate kind and number of spacers to achieve the desired detector gap.

9.  Repeat steps 7-8 until the bottom detector stack is complete.

10.  Lower coupling nuts on each rod by screwing them down by hand until they are at the desired height for the target plate.  This may take a few minutes (four minutes max per rod) and patience should be exercised.  When screwing the coupling nuts down, keep the steel rods as straight as possible.  Hastily lowering the nuts and generating sway in the rods could damage the system.
11.  Drop two washers onto the coupling nuts and lower the target plate into place.  Verify that the target plate is parallel to the base plate by using a level.

12.  For added support, lower a heavy hex nut on each rod and tighten by hand onto the target plate.

13.  Lower coupling nuts on the three rods supporting the detectors to the desired height and drop two washers onto each nut.  Lower the bottom detector of the top stack and make sure it is level.

14.  Use the appropriate kind and number of spacers to achieve the desired detector gap and lower the next detector.

15.  Repeat until the top detector stack is complete.

16.  Place the material to be imaged within the etched square on the target plate and begin taking data.

Various images of our first muon tomography station prototype follow:

[image: image13.jpg]DR. MARGUS HOMLMANN
FLORIDA INSTITUTE OF TECHNOLOSY




First Prototype Base Plate
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First Prototype Target Plate
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First Prototype Side View
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First Prototype Bottom View
[image: image17.jpg]



First Prototype Top View
Summary
After discussing and improving on several designs, I machined and constructed our group’s first muon tomography station prototype.  Our imaging station is both elegant and efficient and will allow for immediate data collection using top and bottom detectors.  Future work will involve designing and constructing an efficient four-sided station that enables the active area of detectors on all four sides to overlap.
