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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N____  
Can you record movies/images using your own microscope camera? (Y/N)_________  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) __N__ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Justin Lyle: This method can help answer key questions in the electron scattering/molecular spectroscopy/reaction dynamics field, such as the nature of molecular orbitals, molecular electronic structure, vibrational energy levels and nature of scattering/autodetachment resonances [1-INT].
1.1.1. Justin Lyle says the above in an interview style statement, with the author looking slightly away from the camera.
1.2. Justin Lyle: The main advantage of this technique is that it is highly efficient, recording a photoelectron spectrum and angular distribution in a single image [1-INT].
1.2.1. Justin Lyle says the above in an interview style statement, with the author looking slightly away from the camera.

Protocol: (read by voice talent at JoVE)
2. Ion Generation
Videographer: The experiments are performed in a vacuum chamber (essentially behind stainless steel walls). In order to look at things inside the instrument (after filming the talent demonstrating the protocol), there will need to be a pause of an hour or so while the components of the instrument cool enough to safely open the instrument. The authors can provide more direction and may request additional shots, beyond what is shot-listed here, to properly capture what is occurring inside the instrument.
		(Videographer Comment: Author requested filming file P1020007-listen to audio for description. Also provided unrequested b-roll-files P1020002-5.) (Editor: Not sure what’s in either of these files without being able to check the footage)
2.1. To begin generating anions [1-WIDE], apply a backing gas or gas mixture behind the pulsed nozzle [2-MED-TXT]. Operate the nozzle at 10 Hz [2-CU].
2.1.1. Establishing shot of the talent approaching the work area.
2.1.2. Shot of talent opening O2 gas cylinder valve followed by a close up on the pressure gauge to show 40 psig. TEXT: For F–: O2 at 40 psig
2.1.3. Shot of the nozzle inside the chamber (Videographer Comment: Filmed at end. Had to hold camera inside of instrument (not possible to use tripod).  These are uploaded files P1020008, P1020009, P1020010)
2.2. Set the nozzle duration on the digital delay generator, channel A [1-MED-over the shoulder]. Then, trigger the pulsed nozzle driver to inject the gas into discharge [2-MED].
2.2.1. Talent, at the digital delay generator, sets the nozzle duration on channel A.
2.2.2. Talent triggers the pulsed nozzle driver to inject the gas into discharge. 
2.3. Using channel C on the digital delay generator, apply the high voltage discharge pulse V1 [1-CU-TXT][2-CU/MED].
2.3.1. Close up of the digital delay generator as the talent adjusts/applies the voltage. If there is any visual indication of the voltage being discharged, film that as well. TEXT: See Table 2 for details on voltages (Author Comment: There is no voltage to adjust on the digital delay generator)
2.3.2. Shot of the voltage supplies, where we will see the numbers and the physical adjustments.
Videographer: Please capture additional shots of the voltage supplies in all future shots when adjustments are made on the channels of the digital display generators (as instructed by the authors). These shots may be good to show adjustments/numbers displayed and will be good to have in the video alongside the talent’s actions.
3. Ion Extraction, Separation and Detection 
3.1. To monitor the anion mass spectrum, first put the instrument into ion mode [1-MED]. Connect the detector voltage divider into the imaging detector microchannel plates [2-MED].
3.1.1. Talent switches the instrument into ion mode. (Videographer Comment: 3.1.1 and 3.2.2 - Author requested combined scenes.) (Editor: I’m not sure if this means that all shots between 3.1.1 and 3.2.2 are combined, or if this is a misnumbering and only two of the steps (either 3.1.1 and 3.1.2 OR 3.2.1 and 3.2.1 and 3.2.2) are combined. Based on the author comment for 3.2.2, I’m guessing that it is a misnumbering in the notes and that 3.1.1 and 3.1.2 are the combined shots.)
3.1.2. Talent connects the detector voltage divider into the imaging detector microchannel plates.
3.2. Apply voltage V11 to the detector anode [1-MED-TXT]. After this, connect the ion detector voltage divider output to the oscilloscope channel 1 input [2-CU].
3.2.1. Talent apples a voltage to the detector anode. TEXT: See Table 2 for details on voltages
3.2.2. Close up shot of the ion detector voltage divider output being connected to the oscilloscope channel 1 input (Author Comment: Ion mode not fully operational. No output on oscilloscope possible. There is nothing visual to see in ion mode outside of what we covered) (Editor: Looks like they filmed something else to fill the shot, but not sure what was filmed)
3.3. Connect the microchannel plate power supply to the voltage divider [1-MED], and gradually increase the voltage as outlined in Table 2 [2-MED-TXT].
3.3.1. Talent connects the microchannel plate power supply to the voltage divider.
3.3.2. Talent gradually increases the voltage. Alternatively, this can be filmed as a close up to clearly capture the talent adjusting the voltage. TEXT: Do not exceed the maximum allowable voltage
3.4. In order to separate the anions by time of flight mass spectroscopy, set the acceleration stack voltage to V3, as outlined in the text protocol [1-MED-TXT].
3.4.1. Close up of the mass spectrum as displayed on the oscilloscope. Alternatively, if the oscilloscope is not available, film the talent setting the acceleration stack voltage. TEXT: See text for details on separating anions; See Table 2 for details on voltages (Author Comment: “Not available”) (Videographer Comment: Filmed a version of this scene later out of order)
3.5. Use channel E on the digital delay generator to set the timing and duration for the potential switch high voltage pulse [1-CU].
3.5.1. Close up shot of the digital delay generator as the talent sets the timing and duration of the potential switch high voltage pulse.
3.6. Using channel F, externally trigger the oscilloscope and set the time of flight mass spectroscopy time scale [1-MED]. Then, adjust the settings on channels A through E to produce ion signal on the oscilloscope as outlined in the text protocol [2-MED].
3.6.1. Talent uses channel F to externally trigger the oscilloscope and set the time of flight mass spectroscopy time scale. (Author Comment: “Not available”) (Editor: Not sure what wasn’t available, or if anything was filmed to replace the shot.)
3.6.2. Talent makes adjustments on channels A through E. (Author Comment: “Not available”) (Editor: Not sure what wasn’t available, or if anything was filmed to replace the shot. Since the author made this comment for both shots in 3.6, I’d suggest omitting all of 3.6 if no shots were provided)
4. Photoelectron Production and Detection
4.1. First, reduce the voltage applied to the ion detector voltage divider to zero [2-CU]. Switch the spectrometer into imaging mode [1-MED]. [2-CU]. Then, disconnect the ion detector voltage divider from the microchannel plates [3-MED].
4.1.2. Close up shot of the talent reducing the voltage applied to the ion detector voltage divider to zero.
4.1.1. Talent switches the spectrometer into imaging mode. [Shots 4.1.1 and 4.1.3 combined]
4.1.2. Close up shot of the talent reducing the voltage applied to the ion detector voltage divider to zero. (Move above 4.1.1)
4.1.3. Talent disconnects the ion detector voltage divider from the microchannel plates.
4.2. Connect the microchannel plate power supply and the imaging power supply to the imaging high voltage pulse [1-MED], and connect the imaging high voltage pulse to the imaging microchannel plates [2-MED].
4.2.1. Talent connects the microchannel plate power supply and the imaging power supply to the imaging high voltage pulse. This can be filmed as two separation actions if they cannot be easily filmed together. [Shots 4.2.1 and 4.2.2 combined]
4.2.2. Talent connects the imaging high voltage pulse to the imaging microchannel plates.
4.3. Turn on the HV Pulser [4.3.0]. After this, apply a permanent voltage to the phosphor screen and the microchannel plates [1-MED-TXT].
4.3.0. [Added Shot]: Talent turns on HV Pulser
4.3.1. Talent applies a permanent voltage to the phosphor screen and the microchannel plates. TEXT: See Table 2 for details on voltages
4.4. Connect the fast photodiode to oscilloscope channel 2 [1-CU/MED]. Using channels H and G, externally trigger the Nd:YAG (pronounce just the “Yag”, where “yag” rhymes with “lag”) laser flash lamps and Q switch [2-MED]. Adjust the timing of the laser trigger until the photodiode output is close to, but preceding, the ion signal of interest [3-CU].
4.4.1. Talent connects the fast photodiode to oscilloscope channel 2.
4.4.2. The laser in operation. Alternatively, film the talent adjusting channels H and G on the digital delay generator.
4.4.3. Close up of the oscilloscope, looking at the signal from the photodiode in relation to the ion signal. 
4.5. Next, apply voltage to the imaging repeller and extractor electrodes [1-MED-TXT].
4.5.1. Talent applies voltage to the imaging repeller and extractor electrodes. TEXT: See Table 2 for details on voltages
4.6. Set the camera to long exposure [1-MED].  Using channel H, adjust the laser trigger timing to maximize the number of electron detection events observed on the PC screen [2-MED-TXT].
4.6.1. Talent, at the workstation computer, sets the camera to long exposure.
4.6.2. Talent uses channel H to adjust the laser trigger timing. Also film the PC display ([MED-over the shoulder] shot), as this step shows the effects of changing the timings to show synchronization. TEXT: Warning! Class IV laser radiation: Wear eye protection; Do not look directly at the laser. (Videographer Comment: 4.6.2-Filmed out of order. Author stated first part of scene was covered in scene 4.4.2. Second part had to be filmed in dark so that it wouldn’t interfere with equipment performance.) (Editor: Not sure exactly what was covered before or what was covered here)
4.7. [1-MED-TXT]. Use channel F to set the pulse timing and duration such that the imaging pulse is centered on the arrival time of the photon pulse.
4.7.1. Talent sets the imaging pulse voltage. TEXT: See Table 2 for details on voltages (Author Comment: Done in scene 4.3.1)
4.7.2. Talent uses channel F on the digital delay generator to set the pulse timing and duration.
5. Image Focusing and Collection
5.1. To begin, use channel E to trigger the charge-coupled device camera to open at the start of an experimental cycle [1-MED]. 
5.1.1. Talent uses channel E on the digital delay generator to trigger the charge-coupled device camera to open at the start of an experimental cycle.
5.2. Collect several frames with the laser pulse coincident with the anion of interest [1-MED-over the shoulder]. Then, collect several frames with the laser pulse not coincident with any anion [2-MED-over the shoulder]. Subtract the frames collected off coincidence from the frames collected on coincidence [3-MED-over the shoulder].
5.2.1. Talent, at the workstation, as several frames are captured with the laser pulse coincident with the anion of interest. Make sure that the changed on the screen are clearly visible. [Shots 5.2.1, 5.2.2, and 5.2.3 combined]
5.2.2. Talent, still at the workstation, as several frames are captured with the laser pulse not coincident with any anion. Make sure that the changed on the screen are clearly visible.
5.2.3. The, still at the workstation, looks at the PC screen as the subtractions accumulate.
Videographer: The actions in shots 5.2.1 – 5.2.3 should show the beginning of the image collection process. Please film enough to cover the length of the voiceover narration. 5.3.1 should cut to the final result of this process – which is automated, and can take up to 10 minutes.
5.3. Repeat this process of collecting and subtracting frames to accumulate a background-subtracted image [1-MED-over the shoulder].
5.3.1. Talent looking at the final result of the collection process.
5.4. After this, adjust the imaging repeller and extraction electrode voltages [1-MED-TXT]. Repeat the frame collection and subtraction process again to generate a new background-subtracted image [1-MED-over the shoulder].
5.4.1. Talent adjusts the imaging repeller and extraction electrode voltages. TEXT: See Table 2 for details on voltages
5.4.2. Show focused and defocused image results to illustrate the point rather than repeating the whole collection cycle again.
5.5. To begin image collection, switch the camera to centroided collection [1-MED]. Repeat the frame collection and subtraction process, at the optimum focusing condition, to accumulate a sub-pixel resolution image [1-MED-over the shoulder].
5.5.1. Talent switches the camera to centroided collection.
5.5.2. [bookmark: _GoBack]Show resultant centroided image (similar to 5.4.2). 
6. Results: Photoelectron Imaging of Anions
6.1. A representative image, resulting from the photodetachment of fluoride ions at a photon energy of 4 electronvolts [1-LM]. The left half of this image is the experimentally measured image [2-LM], while the right half is an inverse Abel transformation of the data, displayed at the same resolution [3-LM]. 
6.1.1. Figure 4.tif: Show only Figure 4A. Remove the subfigure label text “(a)”.
6.1.2. Figure 4.tif: Still showing only Figure 4A. Visually emphasize the left side of the circle in the image – which represents the measured image.
6.1.3. Figure 4.tif: Still showing only Figure 4A. Visually emphasize the right side of the circle in the image – which represents the inverse Abel transformation of the data.
6.2. The two concentric circles correspond to the two narrow transitions seen in the photoelectron spectrum [1-LM].
6.2.1. Figure 4.tif: Still showing only Figure 4A. Visually emphasize the two concentric circles, which go around completely on both sides of the image.
6.3. The integrated intensities, over all angles for each radial distance from the center, are scaled by the appropriate Jacobian transformation to generate the photoelectron spectrum [1-LM]. The two transitions reflect the existence of two low-lying electronic states of neutral fluorine [2-LM].
6.3.1. Figure 4.tif: Show only Figure 4B. Remove the subfigure label text “(b)”.
6.3.2. Figure 4.tif: Still showing only Figure 4B.  Visually emphasize the two peaks, labeled “2P1/2” and “2P3/2”, which represent the transitions.
6.4. The difference in the transition kinetic energies reveals that the first excited state is just 50 millielectronvolts higher than the ground state – a measure of the strength of the spin-orbit interaction [1-LM].
6.4.1. Figure 4.tif: Still showing only Figure 4B. Show text above the higher peak saying “0.598” and over the lower peak saying “0.548”. Visually indicate that the difference between the two is 0.050 eV.
6.5. The photoelectron angular distributions for each transition show that the electron distribution is polarized perpendicular to the electric vector of the radiation [1-LM]. These angular distributions can be seen to be almost identical when scaled relative to their respective maxima [2-LM].
6.5.1. Figure 4.tif: Show only Figure 4C. Remove the subfigure label text “(c)”. Show a line, or otherwise visually emphasize that the electron intensity is greatest (the peaks are highest) at θ = 90°.
6.5.2. Figure 4.tif: Show only Figure 4D. Remove the subfigure label text “(d)”.
6.6. The optimal focusing condition is seen to be a ratio of 0.700 between the repeller and extractor [1-LM]. Even small alterations to this ratio are seen to be detrimental to the velocity resolution [2-LM].
6.6.1. Figure 5.tif: Show Figures 5A and 5B, removing the subfigure label text “(a)” and “(b)”. Visually emphasize Figure 5A.
6.6.2. Figure 5.tif: Still showing Figures 5A and 5B. Visually emphasize Figure 5B.

7. Conclusion (said by authors on camera)
7.1. Justin Lyle: The photoelectron imaging technique has paved the way for researchers in the fields of chemical reaction dynamics, photoelectron spectroscopy and electron scattering to probe the nature of the electronic wave functions of stable anions, the evolution of the electronic wave functions of a system dynamically evolving from reactants to products and the nature of interactions between electrons and neutral molecules in a range of systems from individual atoms to clusters of molecules.
7.1.1. Justin Lyle says the above in an interview style statement, with the author looking slightly away from the camera.
7.2. Justin Lyle: Remember, working with high pressure gases, high voltages, and class IV laser radiation is hazardous – and precautions must be taken. Be careful to avoid leaks from the gas lines, and to maintain pressure below the pressure ratings.
7.2.1. Justin Lyle says the above in an interview style statement, with the author looking slightly away from the camera.
7.3. Justin Lyle: Switch the voltage supplies off when changing cables. Also, never directly observe the laser beam and avoid spectral reflections, which will result in permanent loss of vision. Appropriate eye protection is required, but will not protect from direct observation of the laser beam.
7.3.1. Justin Lyle says the above in an interview style statement, with the author looking slightly away from the camera.


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 are included in the email accompanying the finalized script.
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