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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 2.5, 3.4, 5.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.
E.  Will the filming need to take place in multiple locations?  N
1. Introduction (Schematic Overview and Interview)
A. Experimental Goal (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to show the basic principles of a positron emission tomography system using two pairs of photodetectors. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. MONTANO: The main advantage of this prototype over commercial PET systems is that users can see clearly the basic working principles of PET.   

1.2. MONTANO: We first had the idea for this system when we sought to elaborate a lab activity for master students in the Medical Physics field. 

1.3. MONTANO: Demonstrating the procedure will be MARCOS FONTAINE a technician from my laboratory.   

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Preparation of the Positron Emission Tomography (PET) Setup 
2.1. Begin work on the PET setup by preparing the detection system. [2.1.1-WIDE] Make each detector using a photomultiplier tube and a polished plastic scintillator piece. [2.1.2-MED/CU] Design the scintillator piece to match the size and shape of the photomultiplier tube light entrance to allow good coupling. [2.1.3-CU] 

2.1.1. Talent arriving at bench equipped with materials needed to construct a detector (photomultiplier tube(s), scintillator(s), etc.)

2.1.2. Talent picking up and holding photomultiplier tube (PMT) and scintillator so viewer can identify them

2.1.3. PMT and scintillator being moved together to demonstrate how they are matched to provide good coupling

2.2. The next step is to wrap the scintillator in black tape. [2.2.1-MED] Leave one side uncovered to be coupled with the photomultiplier tube light entrance. [2.2.2-CU] Put the scintillator aside and begin working with the photomultiplier tube. [2.2.3-MED]

2.2.1. Talent at bench picking up already prepared wrapped scintillator

2.2.2. Wrapped scintillator in hands of talent, uncovered side being shown

2.2.3. Talent putting scintillator aside and turning attention to the PMT

2.3. Use alcohol and a clean cloth to clean the photomultiplier tube light entrance. [2.3.1-MED] When this is done, get optical grease and apply it to the light entrance until it is covered completely. [2.3.2-CU] Return to work with the scintillator and apply optical grease to its uncovered surface. [2.3.3-MED]

2.3.1. Talent cleaning PMT light entrance [TEXT:  Commercial alcohol at 70% concentration.]

2.3.2. Close up of PMT light entrance, then optical grease being applied

2.3.3. Talent applying optical grease to the scintillator

2.4. After the optical grease has been applied, align the photomultiplier light entrance and the uncovered scintillator surface, then couple the two treated surfaces. [2.4.1-CU] To complete the detector, wrap the photomultiplier tube and the scintillator in more black tape, as illustrated by this example. [2.4.2-CU/MED] Create at least four detectors before moving on to test them. [2.4.3-MED]

2.4.1. PMT light entrance and uncovered scintillator surface being put into position for coupling, then being coupled
2.4.2.  A wrapped, completed, detector

2.4.3. Talent working at bench to create additional detectors

2.5. Test a detector by connecting it to a voltage source and to a standard digital oscilloscope. [2.5.1-WIDE/MED] Turn the light off and on in the lab while monitoring the signal on the oscilloscope to verify there are no light losses. [2.5.2-MED/WIDE] Next, connect the photomultiplier tube output to a scaler to count detected events. [2.5.3-MED] Adjust the detector voltage to its lowest value, in this case 0.5 Volts. [2.5.4-CU] 

2.5.1. Talent with detector, completing/checking connections to oscilloscope and voltage source

2.5.2. Talent monitoring oscilloscope signal as lights are turned off and back on; if possible, please use change in lighting to suggest turning lights off and on

2.5.3. Talent connecting PMT to a scaler

2.5.4. Detector voltage source as it is set to 0.5 Volts; ideally the viewer can see the value to which it is set
2.6. Now, turn attention to the detector. [2.6.1-MED] Place a sodium-22 source directly on the surface of the scintillation portion. [2.6.2-CU] Record the number of detected events over 3 minutes using the scaler. [2.6.3-MED] Then, increase the control voltage by 0.01 Volts. [2.6.4-CU] Repeat the timed measurement of detected events for this value and all others up to the maximum control voltage. [2.6.4-WIDE/MED-TXT] 

2.6.1. Talent with detector in place for the next steps

2.6.2. Detector as sodium 22 source is placed on scintillation portion

2.6.3. Talent observing/recording count from scaler

2.6.4. Detector voltage source as voltage is incremented by 0.01 Volts 

2.6.5. Talent in process of repeating steps of the scintillator test steps [TEXT: Each control voltage increment is 0.01 V.] 

2.7. After all detectors have been completely tested, make a plot of the number of detected events versus the control voltage; this plot includes data from 12 detectors. [2.7.1-LM] Select two detectors with similar curves to form a coincidence pair; for example, detectors O and I in this plot. [2.7.2-LM] After two matched pairs are identified, move on to build and test two coincidence systems. [2.7.3-WIDE]
2.7.1. LAB MEDIA: Figure9.jpg (Authors: For the video, It may be better to use a plot with fewer detectors, five or so, in which two detectors are clearly matched, and the others less so. If you redo the figure, use the filename “detector_test” and change the filename at this step to reflect that. Also, change the script to mention the number of detectors.)

2.7.2. LAB MEDIA: Figure9.jpg (Authors: I have arbitrarily selected detectors O and I as examples of matched detectors. If you replace Figure 9, it may be easier for viewers to appreciate what is meant by similar curves. Again, if you do provide the file “detector_test”, change the reference to Figure9.jpg at this step.)

2.7.3. Talent completing tests and getting in place to create a coincidence system
2.8. Construct a coincidence system by placing two matched detectors so the scintillator part of one detector is directly over the scintillator of the other. [2.8.1-CU/MED-TXT] Next, check the electronic components. [2.8.2-MED/WIDE] The coincidence system requires three nuclear instrumentation modules: a discriminator; a logic unit; and a scaler. (Voice talent: Please pause after each instrument) [2.8.3-MED/CU] Connect the output signals of the detectors to the inputs of the discriminator module. [2.8.4-CU]

2.8.1. Talent (hands) completing placement of detectors for coincidence system, then several seconds of only the coincidence system alone [TEXT: See text protocol step 4.2 for advice on pairing detectors.]

2.8.2. Talent changing focus (or moving) to electronics

2.8.3. Instrument rack, ideally close enough so components can be identified, with talent (hands) pointing out the discriminator, logic unit, and scaler, in turn. 

2.8.4. Discriminator as inputs are connected

2.9. On the logic unit, select the AND mode on the front panel. [2.9.1-CU] Then, connect the two discriminator outputs to the logic unit inputs. [2.9.2-MED/CU] Connect the logic unit output to the scaler module to count the events. [2.9.3-MED/CU] In this configuration, the scaler should register coincidence events due to cosmic rays hitting the coincidence system. [2.9.4-CU]  This schematic is of the completed coincidence detection system for testing a pair of detectors; test each of the paired detectors before proceeding. [2.9.5-LM]

2.9.1. Logic unit, then logic unit being switched to AND mode

2.9.2. Discriminator and logic unit as they are being connected. Ideally viewer will be able to identify the 

2.9.3. [combined with 2.9.2] Logic unit and scaler as they are connected

2.9.4. Scaler as it registers an event due (count increasing)

2.9.5. LAB MEDIA: Figure333.PNG (Authors: This should be a schematic showing two detectors arranged as coincidence system, the required electronics modules, and the connections between all the components. If possible, draw the AND gate within the symbol for the logic module.)
3. Creating the Positron Emission Tomography Setup and Acquiring its Signals
3.1. The next step is to create the PET setup. [3.1.1-WIDE] Place the four detectors at the corners of a square; orient the scintillators to point toward the center of the square.[3.1.2-CU/MED] The detectors that directly face each other form a coincidence pair; the detector surfaces are about 20 centimeters apart. [3.1.3-CU/MED] Continue by connecting each of the detectors to separate channels of a discriminator, a logic block, and a scaler. [3.2.3-MED/WIDE]

3.1.1. Talent at surface with PET setup

3.1.2. Detectors mounted on surface, talent (hands) pointing out the square that determines their placement, then talent pointing out orientation of detectors (for instance, indicating location of scintillator on one of the detectors)

3.1.3. Talent (hands) calling attention to one coincidence pair and the distance between their detector surfaces (for example, the distance between the surfaces could be measured)

3.1.4. Talent in process of making connections to discriminator, logic block, scaler

3.2. For coincidence counting with four detectors, implement the logic block depicted in this diagram. [3.2.1-LM] Here the detectors are labeled I, J, E and F, and their signals are passed through a discriminator that is not shown. [3.2.2-LM] In this diagram, each detector is associated with an OR module. [3.2.3-LM] Connect the output of each detector to the inputs of the three OR modules to which it is not associated, as indicated by the colored lines. [3.2.4-LM] Next, connect the OR modules' outputs to an AND module to complete the coincidence logic. [3.2.5-LM] In the following steps, supply power to only one coincidence pair, then repeat the steps for the second pair. [3.2.6-LM]

3.2.1. LAB MEDIA: Figure3.jpg

3.2.2. LAB MEDIA: Figure3.jpg (Video editor: Please highlight the symbols labeled I, J, E, F during this sentence.)

3.2.3. LAB MEDIA: Figure3.jpg (Video editor: Please somehow indicate the I symbol is associated with the first/top symbol labeled “OR”, J with the second, etc.

3.2.4. LAB MEDIA: Figure3.jpg

3.2.5. LAB MEDIA: Figure3.jpg (Video editor: Please indicate the various lines going the the symbol labeled “AND”.)

3.2.6. LAB MEDIA: Figure3.jpg (Video editor: Please highlight just the symbols labeled I and J.


3.3. Return to the detector array with a sodium-22 radiation source. [3.3.1-WIDE/MED] Place the source along the line between the detectors of the coincidence pair. [3.3.2-CU/MED] Use one detector as a reference and measure the distance to the source. [3.3.3-CU/MED] At the electronics rack, use the discriminator outputs for the two detectors as inputs to an oscilloscope. [3.3.3-MED-TXT] 

3.3.1. Talent at surface with detectors,  preparing to place radiation source

3.3.2. Radiation source being placed between detectors; end with only detectors and source (no hands in frame)

3.3.3. Talent (hands) starting to measure distance of source from reference detector

3.3.4. Talent making or checking connection between discriminator and oscilloscope [TEXT: The discriminator output should also continue to go to the logic block.]

3.4. Display the signals on the oscilloscope with time on the horizontal axis [3.4.2-CU].  In addition, take the output of the coincidence logic block and input it into the oscilloscope. [3.4.1-MED] As in this image, three square signals should appear on the screen [3.4.3-LM].  Use time differences between discriminator signals measured on the oscilloscope for later calibration steps. [3.4.4-LM-TXT]

3.4.1 and 3.4.2 order switched
3.4.1. Talent making or checking connection between logic block and oscilloscope

3.4.2. Talent (hands) working with oscilloscope controls to display the signals; if possible, show the signal as well 

3.4.3. LAB MEDIA: Image of three easily distinguished square signals from the discriminator and the logic block (Authors: Please provide this image as captured from the oscilloscope. Use the filename “time_signals”) [TEXT: See text protocol step 2.4 for time calibration.](Video editor: If possible, please highlight in some way the horizontal interval between the leading edges of the first two pulses during this sentence.) 

3.5. Next, prepare the computer automated measurement and Time to Digital Converter, or TDC, module. [3.5.1-WIDE/MED-TXT] Connect the output of the logic block to the TDC START input. [3.5.2-CU/MED] Then, connect the outputs of the discriminator to a delay module. [3.5.3-CU/MED] Pass the output of the delay module to the TDC STOP inputs. [3.5.4-CU/MED-TXT]  

3.5.1. Talent at electronics, getting cable, etc, needed for next step [TEXT: TDC–Time to Digital Converter]

3.5.2. Instruments as logic block output is connected to TDC input, or as connections are pointed out by talent

3.5.3. Instruments as discriminator outputs are connected to delay module, or as connections are pointed out by talent

3.5.4. Instruments as delay output is connected to TDC stop inputs [TEXT: Set the delay module so the STOP signal arrives after the START signal.]

3.6. This schematic provides an overview of the setup at this point; connect the modules and computers with a General Purpose Instrumentation Bus for software control. [3.6.1-LM] Install LabView or similar software to create a virtual instrument. [3.6.2-LM] At this point, perform TDC calibration steps for the coincidence pair. [3.6.3-MED/WIDE-TXT]

3.6.1. LAB MEDIA: Figure55.PNG

3.6.2. LAB MEDIA: Figure55.PNG (Video editor: Please highlight the symbol labeled “PC” in the lower part of the figure during this sentence.)

3.6.3. Talent in process of performing TDC calibration steps [TEXT: See text protocol step 2.4 for time calibration.]
4. System Calibration and Virtual Instrument Setup
4.1. The next step is to calibrate the system, beginning with one coincidence system [4.1.1-WIDE]. Along the line between the two detectors, identify 5 equally spaced points, including the midpoint; this setup has points at 4 centimeter intervals. [4.1.2-CU] Next, place the radiation source between the points. [4.1.3-CU]

4.1.1. Talent at surface with detectors, working to measure mark equally spaced points between a detector pair

4.1.2. Surface between detectors, possibly with a ruler, showing equally spaced points along line between two detectors

4.1.3. Surface between detectors, if ruler was in previous shot, show it being removed, then radiation source being placed at one of the between two marked points

4.2. With the source in place, begin to collect coincidence event TDC data for 30 minutes. [4.2.1-MED/WIDE] Plot the average of all of the collected TDC data every one or two minutes. This is a typical plot after the full 30 minutes; the two curves correspond to the two detectors of the coincidence pair. [4.2.2-LM] Use a plot of the average of the difference of the TDC values from the two detectors to define a “time zone” for the purpose of locating the source. [4.2.3-LM]

4.2.1. Talent at electronics, starting data collection

4.2.2. LAB MEDIA: Plot of cumulative average every one or two minutes of TDC data over 30 minutes. Plot should have data for both detectors and be associated with only one position of the radiation source. (Authors: Please provide this plot with the name “single_position_averages”)
4.2.3. LAB MEDIA: Plot of the average of the difference of the detector data. (Authors: Please provide this plot with the name “average_difference”) (Video editor: Please point the rightmost point on the plot to indicate the “time zone”)

4.3. Now, move the radiation source to a different marked position between the detectors. [4.3.1-MED] Acquire 30 minutes of data and determine a new time zone and repeat for each of the 5 points. [4.3.2-WIDE] Next, begin to test the sensitivity of the pair.  Repeat TDC measurements at all marked points for different collection times.

These three scenes were mixed.
4.3.1. Talent moving the radiation source to another one of between the marked positions

4.3.2. Talent moving from detectors to electronics and starting to collect data (Video editor: It may be useful to indicate the transition of time between this and the next shot)

4.3.3. Talent at bench with detectors, moving the radiation source

4.3.4. REUSE 4.2.1

4.4. After testing sensitivity, move on to set up a virtual instrument. [4.4.1-MED/WIDE] The instrument will associate a software LED with the position of the radiation source. [4.4.2-LM] The 5 vertical LEDs in the center of this array correspond to the 5 marked positions used to define the time zones. [4.4.3-LM] 

4.4.1. Talent at computer, working with virtual instrument

4.4.2. LAB MEDIA: Figure4.jpg

4.4.3. LAB MEDIA: Figure4.jpg (Video editor: Please highlight the five LEDs along the vertical line at the center of the 5x5 array)

4.5. In this figure are TDC data for two adjacent positions. [4.5.1-LM] the mean of the TDC difference data for a position is at the center of an interval; the interval represents the standard deviation of the data. [4.5.2-LM] The data should be from the collection time that will be used to resolve the positions, 2 minutes in this protocol. [4.5.3-LM-TXT] Choose a window of times measurements to associate with a position with an LED by truncating the intervals so they do not overlap.[4.5.4-LM]

4.5.1. LAB MEDIA: “time_window” (Authors: Please provide a plot showing TDC data for two adjacent positions. The average of the difference data for each point should be denoted by a symbol. The standard deviation of the data for each point should be represented by a line centered on the symbol. Use two different colors. The symbols should be aligned vertically. Parallel to this to the right, have the same symbols to represent the averages of the difference data, but use truncated intervals that represent the time windows used for the virtual instrument. Use the filename “time_window”) 

4.5.2. LAB MEDIA: continued (Video editor: Please point to at least one symbol at the center of an interval on the left during the first part of the sentence. Point to the line that passes through the chosen symbol(s) in the second part of the sentence.)

4.5.3. LAB MEDIA: continued

4.5.4. LAB MEDIA: continued (Video editor: Please highlight the symbols on the right side of the image)

4.6. Set up will be complete after both coincidence pairs are calibrated. [4.6.1-WIDE] At this point, there should be nine marked positions between the detectors. [4.6.2-CU/MED] Place the radiation source on one of the positions. [4.6.3-CU/MED] Collect data for two minutes and test the accuracy of the virtual instrument in locating the position of the radiation source. [4.6.4-CU][4.6.5-LM/SC]

4.6.1. Talent at the bench with the detectors

4.6.2. The surface holding the detectors (with detectors in view) showing the marked positions Talent was showing the time zones selected by the marked points before.
4.6.3. Surface with detectors as radiation source is placed on one of the marked positions Talent moves the radiation source to another position.
4.6.4. If possible, please capture the virtual instrument LEDs indicating the position determined from the two minute measurement (Video editor: Please use either this shot or 4.6.5)

4.6.5. LAB MEDIA/SCREEN CAPTURE: “virtual_machine_test" LEDs of virtual instrument lighting up to indicate position determined for source placement in 4.6.3 (Authors: Please provide either a figure or a screen capture. If a screen capture, start with no LEDs lit, then an LED coming on to indicate position. Use the filename “virtual_machine_test”) 
5. Results: System Response and Sensitivity
5.1. These are plots of the response for each detector in a pair that form a coincidence system. The cumulative average TDC value over a one minute interval is given on the vertical axis; the index of the one minute interval is along the horizontal axis. Data was collected over 30 minutes. The different colored lines correspond to different positions of the radiation source.

5.1.1. LAB MEDIA:  Figure6.jpg, Figure7.jpg 

5.2. The difference between these average values is plotted here. Linear behavior is expected for each set of measurements, allowing conversion between time and distance. Note that there is increased stability as the acquisition time increases.

5.2.1. LAB MEDIA: Figure8.jpg

5.3. These plots provide a measure of the sensitivity of coincidence systems. The median and the mean of the TDC counts are plotted along the vertical axis; the index of the position of the radiation source between the detectors “e” and “f” is plotted along the horizontal axis. The data used for each point were collected for five minutes.

5.3.1. LAB MEDIA: Figure10.jpg

5.4. The position index 1 corresponds to the radiation source being approximately centered. As the index increases, the source moves toward the “f” detector. This coincidence system exhibits good spatial resolution since the curve for the median and mean diverge as a function of position. [5.4.1-LM] By comparison, the median and mean for this system does not diverge as quickly, indicating poorer spatial resolution. [5.4.2-LM] 

5.4.1. LAB MEDIA: Figure10.jpg

5.4.2. LAB MEDIA: Figure10.jpg, Figure11.jpg (Video editor: Please add Figure11.jpg alongside of the Figure10.jpg
6. Conclusion (said by authors on camera)
6.1. MONTANO: Once completed, this device can display the location of a radiation source in one minute or less.

6.2. MONTANO: While attempting this procedure, it’s important to remember to put the radiation source in a position where one pair of detectors is sensitive. 

6.3. MONTANO: Don't forget that working with radioactive material can be extremely hazardous; train in radiation safety to learn the precautions to take while performing this experiment.   
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
 2013, Journal of Visualized Experiments


