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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N____ If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___1.2 , 1.3 , 1.5 , 1.6 , 2.4 , 2.6___________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? The most difficult and critical aspect of the procedure is the initial setup of the experiment that conditions the accuracy of all the results. As all the measurements are performed relative to a reference situation, special care should be taken when realizing the initial positioning of the water tank, the treatment head and the detector.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to characterize the effects of ion recombination in a liquid ionization detector used for the dosimetry of a stereotactic radiation therapy system. (Intro)

This is achieved by using the two-dose-rate method, which consists of performing a series of water tank measurements with increasing source-surface distances to gradually reduce the dose per pulse, increasing the collection efficiency in the detector sensitive volume. (P1: Show the graphic provided for P1 with the text “photon 1” and “photon 2.” Show the graphic of the apparatus beside the water tank. If possible, draw rays emanating from the tip of the machine and have the apparatus move closer to the tank incrementally. Shots 2.1.1, 2.1.2, 2.2.2, 2.4.3, 2.6.4)

As a second step, the measurements at different doses per pulse are compared and used to obtain values of the general collection efficiency as a function of the dose per pulse. (P2: Show the illustration only with all text, not the other image provided. To give animation, move the arrows move up continually. Shots 3.2.1, 3.4.3, 3.4.4)  
 
Next, correction factors are calculated based on these collection efficiencies and are applied to the liquid ionization chamber measurements to correct for the recombination effect. (P3: Show the graph provided with all text. Shots 3.5.1, 3.5.3, 3.6.1 )

The results show that ion recombination has non-negligible effects on dosimetric measurements when spanning a large range of dose per pulse. (P4: Lab Media: Figure 5)

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Thomas Lacornerie: The size and tissue equivalence of the active volume are two important issues when measuring small fields, which makes this detector interesting to characterize as it presents a very small sensitive volume filled with a liquid medium. Tk 3
1.2. Antoine Wagner: The main advantage of this technique resides in the highly accurate positioning of the treatment head that moves along the vertical axis without changing the setup, while in a conventional linac the method involves modifying the water tank setup. Tk 2


Protocol (read by voice talent at JoVE):
2. Experiment Setup
2.1. To begin, place the water tank under the treatment head as low as possible, while leaving room for the source surface distance, or SSD, to be increased to 200 cm. 
2.1.1. MED: Talent places water tank under treatment head. 
2.1.2. CU: Side view, talent placing tank as low as possible. 
2.1.3. Fill tank with water
2.2. Next, align the water tank with the linac so its vertical sides are parallel to the vertical sides of the head and use the laser to ensure it is in the correct orientation. 
2.2.1. CU: Side view of talent setting up the water tank with the linac. (TEXT: See Physics Essentials Guide P/N 032515A-ENG) number 2.1.4
2.2.2. MED: Talent uses laser to ensure it is in the correct orientation. (CU at the end)
2.3. Then verify the vertical orientation of the linac by performing X and Y profile measurements at two different depths. Compute the beam declination and correction using the head’s axes of rotation.
2.3.1. MED/CU: Talent verifies the orientation.  CU at the end
2.3.2. MED – Over the shoulder: Talent computes beam declination. 
2.3.3b see the linac translating through the beam to create the declination
2.4. Next, replace the collimator with the telemeter accessory, and accurately position the head at 78.5 cm SSD so that the tip of the accessory barely touches the water surface.
2.4.1. MED: Talent replaces collimator with telemeter accessory. 
2.4.2. MED: Talent carefully positions head. (at the end)
2.4.3. CU: Capture the placement of the head, showing it is barely touching the water.  
2.5. Then remove the telemeter and place the 60 mm collimator on the treatment head.
2.5.1. MED: Talent removes telemeter and places collimator on treatment head
2.5.2. CU: Capture the orientation/position of the collimator. On the computer screen
2.6. Next, position the liquid ionization chamber, or LIC, reference point at a 1.5 cm depth and orient it in a vertical position with the axis of the cylindrical cavity parallel to the beam direction. Use the laser to position the LIC at the center of the beam in the lateral direction.
All in one shot 2.6.1 ( tk 1 CU, tk 2 MED)
2.6.1. CU: Talent positions the LIC reference point. 
2.6.2. CU: Talent orients LIC. 
2.6.3. CU: Get a shot of the apparatus after LIC has been placed in correct orientation. 
2.6.4. MED: Talent uses laser to position LIC.
2.7. Then, place a 0.125 cm3 air-filled ionization chamber, or AIC, next to the LIC to be able to correct for attenuation, distance, and scatter effects.  Place the chamber 1.5 cm below the water level.
2.7.1. MED – Over the Shoulder: Talent places AIC next to LIC.  
2.7.2. Placing the chamber below the water level
2.8. Connect the LIC and the high voltage supply to the electrometer and set the voltage to 800 V.  Connect the AIC to another electrometer and set the voltage to 400 V. Then wait an hour for the system to stabilize.
2.8.1. MED: Talent connects LIC and power supply to electrometer then sets voltage. If possible capture the voltage entered (800V) 
2.8.2. MED – Over the Shoulder: Talent connects AIC to a different electrometer and sets voltage. If possible capture the voltage entered (400V) 
2.8.3. MED/WIDE: Show the LIC and AIC voltage. 
2.9. Make sure the repetition rate of the linac is fixed with a nominal value of 150 Hz and perform profile measurements in both transverse directions and correct the zero of the LIC to ensure the accuracy of the detector lateral positioning.
2.9.1. MED – Over the Shoulder: Talent checks repetition rate of linac. (unable to show)
2.9.2. MED – Over the Shoulder: Talent performs profile measurements and corrects zero of LIC.
3. Measurements
3.1. First deliver a pre-irradiation dose of 3000 monitor units, or MU, in order to stabilize the LIC response, then, zero the electrometers.
3.1.1. MED: Talent delivers a pre-irradiation dose. 
3.1.2. MED: Talent zeros the electrometers. 
3.2. Next, perform a series of charge acquisitions with the beam off to assess the leakage current and stability. (TEXT: 7.5 sec for 100 MU) 
3.2.1. MED: Talent performs charge acquisitions with the beam off. 
3.3. Then, set the remote controller to Cartesian mode and perform a 20 cm motion in the z-direction to place the treatment head at 58.5 cm SSD.
3.3.1. MED – Over the Shoulder: Talent sets remote controller to Cartesian mode. 
3.3.2. MED: Talent performs 20 cm motion in z-direction. 
3.4. Next, leave the treatment room, close the door and program an irradiation of 100 MU at the operator console. Start both electrometers, deliver the dose, and note the charges measured by the LIC and the AIC. Repeat the process 10 times to assess statistical uncertainties. 
3.4.1. MED/WIDE: Talent leaves treatment room and closes the door. 
3.4.2. MED – Over the Shoulder: Talent programs an irradiation of 100 MU
3.4.3. MED: Talent starts the electrometers and delivers the dose.
3.4.4. MED – Over the Shoulder: Talent notes the charges measured. (TEXT: QdLIC and QdAIC) see 3.4.3
3.4.5. MED/WIDE: Talent re-enters room to repeat the process. See end of 3.4.1
3.5. After ten measurements, move the treatment head to 68.5 cm SSD. Then repeat the irradiation.
3.5.1. MED: Talent moves the treatment head to 68.5 cm. 
3.5.2. CU: Capture the position of the treatment head. 
3.5.3. MED: Talent starts the electrometers. 
3.6. When the head is moved further away from the tank, the distance between measuring points can be increased as the charge varies following the inverse-squared distance law. 
3.6.1. MED/WIDE: Talent moves head further away from the tank. (LAB MEDIA: Table 1, Figure 2. Video Editor: If possible, show this in a three panel split screen with Table 1 on the bottom, Figure 2 on the right, and the footage captured on the left)
4. Analysis – Method A
4.1. For every distance d, take the ratio of each measured LIC value with the corresponding AIC value obtained at the same distance. (TEXT: QdLIC/QdAIC)
4.1.1. [bookmark: _GoBack]MED – Over the Shoulder: Talent takes ratio of each LIC value with corresponding AIC value.  Various shots done to illustrate, the steps below will be video screen captures send by the lab.
4.2. Next, plot the ratios against the dose per pulse and use a linear fit to obtain the extrapolated ratio at zero dose per pulse R0.
4.2.1. MED – Over the Shoulder: Talent plots the ratios and obtains a linear fit. 
4.3. Assume that the collection efficiency is equal to 1 at 0 mGy/pulse, and normalize all the ratios calculated to the extrapolated value in order to obtain values of f.
4.3.1. MED – Over the Shoulder: Talent normalizes ratios and extrapolates values to obtain t. 
4.4. Then plot the values of f against the values of the dose per pulse to represent the evolution of the collection efficiency. The error bars can be calculated by propagating the uncertainties on the LIC and AIC charges evaluated from the repeated measurements at each distance.
4.4.1. MED – Over the Shoulder: Talent plots values of f against value of the dose. 
4.4.2. MED – Over the Shoulder: Talent points to the error bars calculated. 
4.5. Collection efficiencies can also be obtained using Method B, calculated from the following relation, where the parameters are calculated from the charge ratios at the different SSDs.
4.5.1. MED – Over the Shoulder: Talent demonstrates previously calculated collection efficiencies using Method B. (TEXT: fd = (1/ud) ln(1 + ud)) 
5. Results: Reliable Results with Method B
5.1. The collection efficiency, f, obtained from method A was plotted against the dose per pulse where a 2% loss in signal can be seen. The error bars show important uncertainties, inherent to method A and which can be greatly reduced with the use of method B. 
5.1.1. LAB MEDIA: Figure 3 (Video Editor: Display figure 3 with all text. If possible, add a vertical line onto the graph for the length it runs along the Y-axis pointing to the 2 % loss in signal when “2 %” is said. Then simultaneously circle all of the points on the graph, including their error bars when “error” is said.) 
5.2. The general collection efficiency plotted against the dose per pulse calculated from method B proves more precise and provides absolute values of f compared to calculations generated with method A. The deviations are small and the loss in signal is lower than with method A. 
5.2.1. LAB MEDIA: Figure 4 & Figure 3 (Video Editor: Show figure 4 on the screen with all text. Show figure 3 in a split screen when the first “Method A” is said.) 
5.3. This figure shows the relative depth dose obtained before and after recombination correction. When the curves are normalized at a depth of 240 mm, where recombination effects vanish, they coincide. The corrections compensate for recombination effects in the buildup area, where the correction factors are the highest, alluding to the accuracy of the calculated correction factors, a validation of the two-dose rate method. 
5.3.1. LAB MEDIA: Figure 5 (Video Editor: If possible, when “diode” is said, box the blue line and text in the legend and trace the blue line along the graph. Remove the highlighting then do the same for the red line and text in the legend and the graph when “before” is said, and do the same for the yellow line and text in the legend and in the graph when “after” is said. 

6. Conclusion (said by authors on camera)
6.1. Antoine Wagner: Following this procedure, other methods like Monte Carlo modeling can be performed in order to complete the characterization of the liquid ionization chamber and investigate other perturbations such as the detector materials and sensitive volume effects.

Provided Media

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.
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