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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
2. Does your protocol include software usage? N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
3. Which steps from the protocol section below are the most important for viewers to see? 2.6, 2.10, 3.3, 3.4
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.10, the beamblock has to be placed precisely to avoid scattering from the other three beams, which significantly raises the detection limit. This is made easier by mounting the beamblock on a 2D translation mount, but it still requires time and patience to get a good placement.
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Rasmus Lyngbye Pedersen: The significance of our protocol is that it lowers the detection limit, making it possible to study concentrations of minor species that other methods cannot reach.

1.1.1. INTERVIEW: Named person making the above statement in an interview style shot, looking slightly off-camera 


What is the main advantage of this technique?

1.2. Rasmus Lyngbye Pedersen: The main advantage of this technique is the addition of the upconversion module, which circumvents much of the background noise.

1.2.1. INTERVIEW: Named person making the above statement in an interview style shot, looking slightly off-camera 


Introduction of Demonstrator: N/A


Ethics title card: N/A

Section - Protocol
2. Upconversion
2.1. Work with the setup for upconversion used in the detection process. [1] Begin by exposing the internal elements in the setup. [2]  A laser diode and crystal produce a 1064 nanometer beam. A series of mirrors directs this beam through a PPLN crystal and back. [3-TXT] A mid-infrared beam from outside also goes through the crystal. The two beams produce an upconverted signal that exits the PPLN crystal and goes to a detector. [4]
2.1.1. WIDE: Talent at upconversion setup, in the process of removing the cover of the setup
2.1.2. MED: The setup as its cover is removed and the internal elements are exposed Videographer: Please consult the authors about recording the shots related to this device from a perspective that is consistent with the schematics they have provided. Shots from this perspective would be ideal.
2.1.3. MED: The upconversion setup as talent indicates the laser diode and Nd:YVO4 crystal and then the 1064 nm beam path to the PPLN crystal [TEXT: PPLN –  periodically poled lithium niobate] Videographer: It may be possible to combine this with the next shot
2.1.4. MED: The upconversion setup as talent indicates path of mid-IR beam to PPLN crystal and the path of the upconverted signal
2.2. This schematic provides an overview of the setup. [1-TXT] The crystal used with the laser diode is neodymium-doped ytterbium orthovanadate. [2-TXT] The symbols U1 to U7 are mirrors that are highly reflective at 1064 nanometers. [3] Mirrors U1 through U5 are highly transmissive at the wavelength of the laser diode. [4] Mirror U6 is transmissive in the range of the upconverted signal. [5] Mirror U7 is transmissive for the mid-infrared signal. [6] The mirror U3 has a 200 millimeter radius of curvature. The other mirrors are flat. [7]
2.2.1. LAB MEDIA: schematic1.png [TEXT: See text protocol for details]
2.2.2. LAB MEDIA: schematic1.png [TEXT: Laser and crystal produce 1064 nm beam] Video editor: Please call attention to the symbols labeled “LD” and “Nd:YVO4”
2.2.3. LAB MEDIA: schematic1.png Video editor: Please call attention to the lines that are labeled U1 through U7
2.2.4. LAB MEDIA: schematic1.png Video editor: Please call attention to the lines that are labeled U1 through U5
2.2.5. LAB MEDIA: schematic1.png Video editor: Please call attention to the line labeled U6
2.2.6. LAB MEDIA: schematic1 Video editor: Please call attention to the line labeled U7
2.2.7. LAB MEDIA: schematic1 Video editor: During the first sentence, please call attention to the line labeled U3.
2.3. Use a flat mirror on a kinetic mount to establish an alignment cavity. [1-TXT] Place the mirror in front of the laser medium to serve as the end mirror. Turn the angle of the mount to extreme positions in both the horizontal and vertical directions. [2] 
2.3.1. MED: Talent at the upconversion unit, inspecting/preparing mirror on kinetic mount [TEXT: 95% reflective at 1064 nm]
2.3.2. MED: Upconversion setup as talent places the mirror. Then, the mirror being turned in preparation for the next steps.
2.4. Next, place an infrared sensitive beam card in front of mirror U2. [1-TXT] Also, remove the PPLN crystal from its mount. [2] The arrangement is depicted in this schematic. The end mirror is denoted by ‘UH’. [3] Start the laser diode at approximately one-third of its maximum output. [4-TXT]
2.4.1. MED: The upconversion setup as a beam card is put into position [TEXT: Beam card sensitive at 1064 nm]
2.4.2. MED: The upconversion setup as the PPLN crystal is removed
2.4.3. MED: Talent starting the laser diode
2.4.4. LAB MEDIA: schematic2.png Video editor: Please call attention to the line labeled ‘UH’ during the second sentence.
2.4.5. LAB MEDIA: schematic2.png [TEXT: Operate at 1/3 maximum output]  Video editor: Please call attention to the symbol labeled ‘LD’.
2.5. To align the cavity, repeat the following steps. [1] Change the angle of the end mirror positive 0.2º in the horizontal direction. Then, sweep the vertical angle of the mirror from one extreme to the other. [2] As you do this, watch the infrared card for a beam from the alignment cavity.[3]
2.5.1. MED: Talent getting into position to adjust the end mirror 
2.5.2. CU: The end mirror as talent adjusts its horizontal angle. After a pause, the end mirror as it is swept through vertical angles
2.5.3. CU: The IR card as it appears when the talent adjusts the vertical angle. It should not register lasing at this point.
2.6. At some horizontal angle of the end mirror, during a sweep of the vertical angle [1] the cavity will start lasing, which can be seen on the infrared card. [2] When the cavity is lasing, alternate between adjusting the angle of the mirror to achieve a higher power and reducing the drive current. [3] In the end, have the power so the beam leaving the mirror is easily visible with the IR card. [4]
2.6.1. CU: The end mirror at a horizontal angle where lasing will occur as the vertical angle is being swept
2.6.2. CU: The IR card with evidence of lasing
2.6.3. MED: Talent working with upconversion setup, adjusting angles and current 
2.6.4. CU: The IR card after the angle and current have been adjusted 
2.7. Now, remove the infrared card and start adjusting mirror that was behind it, U2. [1] Adjust the mirror so the alignment beam is reflected from its center to the center of mirror U3. [2] Adjust the angle of mirror U3 so the beam continues centered along the desired path to mirror U7. [3]
2.7.1. LAB MEDIA: schematic2a.png Video editor: Please call attention the line labeled ‘U2’. 
2.7.2. CU: IR card held to mirror U3 to demonstrate the location of the beam
2.7.3. LAB MEDIA: schematic2a.png Video editor: Please call attention to the lines labeled ‘U3’ and ‘U7’. 
2.8. Ensure the beam passes through the PPLN mount at the appropriate height and that it will be perpendicular to the crystal surface. [1] Next, remove the germanium window and place an infrared card behind U7. [2] In this position, the IR card will fluoresce due to an IR beam leaving the cavity. [3]
2.8.1. CU: (might be MED) PPLN mount as a beam card is used to check height and alignment of beam
2.8.2. LAB MEDIA: schematic2a.png, schematic3.png Video editor: If possible, please transition from schematic2a to schematic3 in order to highlight the difference between them, especially the removal of the symbol labeled ‘Germanium window’. Otherwise, in some way call attention to the former location of the symbol for ‘Germanium window’  and to the line labeled ‘IR card’.
2.8.3. MED: Beam card mounted behind U7 mirror, ideally with enough context for the viewer to recognize its position 
2.9. Now, adjust the angle of U7 to reflect along the path of the alignment beam. [1] Monitor the infrared card for the transmitted beam and set the mirror’s angle to maximize the output. [2] 
2.9.1. MED: Talent adjusting U7
2.9.2. CU: Beam card with a transmitted beam as the output is maximized
2.10. Continue by mounting the PPLN crystal in the mount so the beam goes through one of its channels. [1] Check that the beam is still visible on the IR card. [2-TXT] If so, adjust U7 to maximize the output before proceeding. [3-TXT]
2.10.1. MED: The upconversion setup as the PPLN crystal is being mounted
2.10.2. CU: The IR card to demonstrate the beam is still visible [TEXT: See text protocol for other situations.] Videographer: Please take this shot and the next so the beam intensity on the card can be compared.
2.10.3. CU: The IR card with optimized output. Video editor: Please show this shot with the previous one to allow comparison [Shots 2.10.2 and 2.10.3 combined]
2.11. At this point, turn off the laser diode and remove the end mirror. [1] Attach a 750 nanometer longpass filter at the input to the upconversion setup. Place a power meter behind the filter. [2] With the laser diode at full power, adjust the angle of U2 and U7 to maximize power. [3-TXT] 
2.11.1. MED: Talent turning off the laser diode and removing the mirror 
2.11.2. MED: The setup to demonstrate the longpass filter and power meter are in place. If necessary, have talent call attention to the longpass filter first, then the power meter.
2.11.3. LAB MEDIA: schematic4.png [TEXT: Laser diode at maximum output] Video editor: Please call attention to the lines labeled ‘U2’ and ‘U7’
2.12. Then, replace the power meter with a high-power infrared card. [1] With the card, check that the cavity is running in fundamental Gaussian mode. Adjust mirror U7 as necessary. [2] When done, remove the filter and reattach the germanium window. [3]
2.12.1. MED: The setup as talent puts the IR card into position
2.12.2. CU: IR card to demonstrate the cavity is in fundamental Gaussian mode Video editor: If the shot is too long, remove the last line and use the text overlay [TEXT: Adjust U7 as necessary to reach fundamental mode] 
2.12.3. MED: The upconversion setup as the germanium window is put back in place

3. Infrared Degenerate Four-wave Mixing (IR-DFWM) Alignment
Videographer: These steps should probably be recorded in reverse order. Please consult the author.
3.1. Move on to align the infrared degenerate four-wave mixing setup. [1] The setup includes a pulsed laser, a helium-neon laser as well as mirrors and lenses to direct the beams to the input of the assembled upconversion detector. [2]
3.1.1. WIDE: Talent in position near the apparatus
3.1.2. MED: An overview of the setup appropriate 
3.2. The initial setup is represented in this schematic. [1] The helium-neon laser provides a guide beam. [2] Use mirrors M3 and M4 to align the guide beam with lens L1. [3][4] Adjust the mirrors so the beam hits lens L1 in its center. [5]
3.2.1. LAB MEDIA: dfwm1a2.png 
3.2.2. LAB MEDIA: dfwm1a2.png Video editor: Please call attention to the symbol labeled ‘HeNe’ and the red line that begins at it
3.2.3. MED: Talent aligning mirrors M3 and M4 to hit lens L1
3.2.4. LAB MEDIA: dfwm1a2.png Video editor: Please call attention to the symbols labeled ‘M3’, ‘M4’, and ‘L1’. Show this alongside the previous shot
3.2.5. CU: Demonstrate that lens L1 has the guide beam showing at its center 
3.3. Insert a BOXCARS (Voice talent: Say BOXCARS like the railroad ‘boxcars’) plate between mirror M4 and lens L1. [1] Place it at a 45º vertical angle from the horizontal beam. Ensure the arrangement produces two output beams. [2] Insert a second BOXCARS plate after the first. [3] Have it at a 45º horizontal angle from the output beams. Ensure its output has four beams. [4] 
3.3.1. MED: Talent inserting a boxcars plate, demonstrating its position in the setup
3.3.2. MED: (possibly CU) The correctly oriented BOXCARS plate being put in position or adjusted. Then, a demonstration of the two output beams
3.3.3. MED: The setup as the talent places the second BOXCARS plate, to demonstrate its position relative to the first 
3.3.4. MED: (possibly CU) The correctly oriented BOXCARS plate in position, followed by a demonstration of its four output beams
3.4. Next, adjust the angles of the BOXCARS plates so the four output beams form the corners of a square. [1] Adjust the lens L1 until the beams are equally spaced around its center. [2] Now, place an iris in the path of the beams. [3] Arrange the iris to block three pump beams and allow the signal beam to pass through. [4]
3.4.1. CU: Demonstration of the beams forming the corners of a square
3.4.2. CU: Demonstration of the four beams around the center of the lens
3.4.3. MED: The setup as the iris is put in position
3.4.4. CU: The iris in position and a demonstration of the blocked and transmitted beams, if possible
3.5. This schematic represents the state of the system at this point. The next steps will involve the lens L2, and the mirrors M5 and M6. [1] To collimate the beam, align lens L2 using the focal length at the wavelength of the pulsed laser. [2-TXT] Then, position mirrors M5 and M6 so the guide beam is directed to the [3] input window of the upconversion detector where the beam should be centered. [4]
3.5.1. LAB MEDIA: dfwm2.png Video editor: During the second sentence, please call attention to the symbol labeled ‘L2’  when mentioned, and the symbols labeled ‘M5’ and ‘M6’ together when they are mentioned.
3.5.2. MED: The setup as the lens L2 is aligned [TEXT: Do not align by visual inspection.]
3.5.3. MED: Talent adjusting the mirrors M5 and M6 
3.5.4. CU: (possibly MED) Demonstrate the guide beam centered on the detector window 
3.6. Place lens L3 an optical distance of one focal length from the center of the PPLN crystal. [1-TXT][2] Remove the germanium window of the detector to continue. [3] Doing this allows the 1064 nanometer beam to exit the upconversion module. [4]
3.6.1. MED: The setup as lens L3 is put in position. Ideally the germanium window of the detector would be visible  [TEXT: Take into account refraction of the detector elements.]
3.6.2. LAB MEDIA: dfwm3.png Video editor: Please call attention to the symbol labeled ‘L3’. Show this along with the previous shot.
3.6.3. MED: Talent removing germanium window Videoographer: It may be possible to combine this shot with the next
3.6.4. MED: (possibly CU) Talent using an IR beam card to visualize the beam coming from the detector
3.7. Next, begin using mirror M6 to move the beam from the detector [1] and bring it onto the signal beam so they overlap at lens L2. [2] Alternate this with using mirror M5 to move the guide beam [3] onto the 1064 nanometer beam at L3. [4] Stop when the 1064 nanometer beam and the guide beam follow the same path. [5]
3.7.1. MED: Talent working with mirror M6
3.7.2. CU: Demonstration of beam from the detector being brought to overlap with the signal beam at the lens L2, possibly with a beam card
3.7.3. MED: Talent working with mirror M5
3.7.4. CU: Demonstration of the guide beam being brought to overlap with the beam from the detector at the lens L3, possibly with a beam card 
3.7.5. CU: (possibly MED) Demonstration with beam card of beams following the same path 
3.8. Reattach the germanium window to the upconversion module. [1] Then, place several neutral density filters in front of the detector to protect it from the pulsed laser. [2] Turn on the pulsed laser and ensure it overlaps with the guide beam. [3-TXT]
3.8.1. MED: Talent reattaching the germanium window 
3.8.2. MED: The setup as neutral density filters are put in place 
3.8.3. MED: Talent turning on the pulse laser and/or checking overlap [TEXT: See text protocol for details.]
3.9. Now, place the gas flow or flame to be measured at the focal point of lens L1. [1]  This measurement will involve the flow of methane diluted in nitrogen. [2] Check that a signal is visible on the detector. Adjust the neutral density filters as needed. If there is a signal, maximize its average intensity by adjusting mirrors M5 and M6. [3]
3.9.1. MED: The setup as the gas flow is put at the focal point of L1
3.9.2. MED: Detail of the apparatus to be used for the measurement 
3.9.3. LAB MEDIA: screencapture01_signal_optimization.mp4 (Authors:  Please provide screen capture video of the signal recorded by the detector. To record this, first maximize the signal and then detune it so you can easily maximize the signal again. Start recording, then, after a pause, show the signal change as it is maximized.
3.10. Continue by blocking the signal beam with a beam block on a translation stage. [1] Then, remove the neutral density filters that are before the detector. [2] Initially, there may be a signal due to light scattered into the detector. [3] With the translation stage, adjust the position of the beam block to reduce this scattering. [4-TXT] Proceed when the signal due to light scattering has been reduced as much as possible. [5]
3.10.1. MED: Talent blocking beam with beam block Videographer: A similar shot will be used in 3.10.4
3.10.2. MED: Talent removing neutral density filters
3.10.3. LAB MEDIA: scattered_light_first.png (Author Comment: I cannot call attention to the signal here, because in this situation there is no signal, only scattered light. The green square seen in this image was placed in step 3.9 where the position of the signal was found, and this is where the signal will appear during the final step.) (Authors: Please provide screen capture video [or a still image] of the detector signal when scattered light enters the detector. In the video or still, do something to call attention to the signal from light scattering.)
3.10.4. MED: Talent adjusting the beam block [TEXT: Do not unblock the beam] 
3.10.5. LAB MEDIA: scattered_light_reduced.png (Authors: Please provide screen capture video [or a still image] of the detector signal when the scattered light has been reduced)
3.11. The next step is to turn on the gas flow so measurements can start. [1] Then, collect data by properly triggering the upconversion detector with the pulsed laser and scanning the wavelength range of interest. [2]
3.11.1. MED: Talent working with gas flow
3.11.2. LAB MEDIA: finished_methane_scan.png (Authors: Please provide a still image of the data collected during a single sweep.)

Section – Results
4. Results: Data Collected using Infrared Degenerate Four-wave Mixing with Upconversion Detection Data from HCN in N2 and a Pre-mixed Flame
4.1. These data are for five different concentrations of hydrogen cyanide in nitrogen gas. [1] Each point represents the average of three scans at each concentration. [2] The central peak is the P-20 line of the nu-1 vibrational band of hydrogen cyanide. [3] 
4.1.1. LAB MEDIA: Figure3_main.png Video editor: Please call attention to the key in the upper right corner to emphasize ‘five different concentrations’
4.1.2. LAB MEDIA: Figure3_main.png
4.1.3. LAB MEDIA: Figure3_main.png Video editor: If reasonable, please draw attention to the central peaks
4.2. Here the points are the measured peak values as a function of the concentration. [1] The dashed line is a fit to a second-degree polynomial. [2]
4.2.1. LAB MEDIA: Figure3_inset.tif
4.2.2. LAB MEDIA: Figure3_inset.tif Video editor: If possible, please call attention to the dashed line 
4.3. In this case, the data shows five consecutive scans from a premixed flame. [1] Each scan spans about 65 seconds and covers the same range of wavenumber. [2-TXT] The change in intensity from scan to scan is because the laser pulse mode and energy are not stable. [3]
4.3.1. LAB MEDIA: Figure_4.tif Video editor: If possible, please call attention to the existence of five sets of three peaks
4.3.2. LAB MEDIA: Figure_4.tif [TEXT: Wavenumber range: 3229.5–3232 cm-1] Video editor: 
4.3.3. LAB MEDIA: Figure_4.tif Video editor: If possible, in some way call attention to the variation in height of the peaks in one set of three when compared to another set of three



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity. 
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
5.1. Rasmus Lyngbye Pedersen: No single step is the most important, but if measurements need to be comparable, the alignment must have the same high precision each time.
5.1.1. INTERVIEW: Named person making the above statement in an interview style shot, looking slightly off-camera 

Why is visual demonstration of this method critical?
5.2. Rasmus Lyngbye Pedersen: Learning to align this setup by trial and error would waste a lot of time, which is why we wanted to demonstrate the process, so people could avoid pitfalls.
5.2.1. INTERVIEW: Named person making the above statement in an interview style shot, looking slightly off-camera 
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
5.3. Rasmus Lyngbye Pedersen: The introduction of the upconversion module made it possible for us to detect the release of the minor species hydrogen cyanide from gasification of straw pellets.
5.3.1. INTERVIEW: Named person making the above statement in an interview style shot, looking slightly off-camera 
[bookmark: _GoBack]Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
5.4. Rasmus Lyngbye Pedersen: This protocol includes the use of class 4 lasers, and potentially the use of flammable gasses, and the appropriate safety measures must always be followed.
5.4.1. INTERVIEW: Named person making the above statement in an interview style shot, looking slightly off-camera 
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