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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? Y
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. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.8. is important to verify that there is a discernible magneto-optical response and to establish the magnitude of magnetic fields needed.
5. Will the filming need to take place in multiple locations (greater than walking distance)? 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.

(Editor: All of the notes in red are from the videographer. I did not go through and recolor these to our standard green-highlight.)

** ATTENTION: 144A0231 clip is Gervasi’s introduction. 

1.1. Gervasi Herranz: Photonic band structures map out the dispersion relations of the confined electromagnetic modes in a photonic crystal and are associated with enhanced light-matter interactions, such as magneto-optical effects [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. WIDE. I would use the last one. 

1.2. Gervasi Herranz: Our method enables the mapping out of magneto-optical effects in the reciprocal space of the photonic crystal so that we can directly study how magnetization modifies the photonic response [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. CU and MED (I took it with 2 different angles). I would say: penultimate and last one are the good ones! And I think the composition of the MED is nicer (144A0299 clip). 

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

** ATTENTION: 144A0300 Clip is Mikko’s introduction. 

1.3. Mikko Kataja: Magneto-optical crystals are interesting for their non-reciprocal optical properties. While we will demonstrate this method with a simple plasmonic grating, the technique is applicable to many types of photonic materials [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. WIDE. I would use the last one. 

1.4. Mikko Kataja: One particular challenge of this procedure is that the magneto-optical effects are typically very weak. Be sure to take extra care to ensure that the noise is minimized [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera. MED. 
Section - Protocol
2. Setup Mounting
(Editor: The authors may need to provide additional VO for the added shots below. Also, since these shots are of the setup once ready, I’m unsure of where these shots should go.)
** ATTENTION: We did add a 2.1.0. because the talent said it was important to have one shoot of all the setup ready. So:
2.1.0.a: WIDE in front of. Showing the setup ready. You will need to resize to make it symmetrical…
2.1.0.b: WIDE from above. 
2.1.0.c: MED from above. Talent liked more this one, because is more tidy and it’s also more focused. 
2.1.0.d: CU in front of. 
2.1. Begin by building the setup on an optical table with sufficient vibration isolation [1-TXT].
2.1.1. WIDE: Talent finishing building setup TEXT: See text for setup schematic details
2.1.1.a: WIDE from one side. Maybe is too short for the sentence… and the focus not so sharpen…
2.1.1.b: MED frontal. Maybe is too short for the sentence. 
2.1.1.c: MED frontal. Longer action, just in case.
2.1.1.d: WIDE from one side. Longer action, just in case. 
In conclusion: would start with d and change to c. 
2.2. The optics of the beam emerging from the sample should be set up as indicated [1], with the infinity corrected objective lens directing wave fronts emerging from each point of the sample into collinear beams [2].
2.2.1. LAB MEDIA: Figure 2
2.2.2. Shot of infinity corrected objective lens being attached/adjusted
2.2.2.a: CU. Objective lens being placed. He also used a little paper in order to show the light. I don’t know if you will really need that, but it’s there! 
2.2.2.b: MED close. He showed with his hand what it happens with the light after placing the infinity corrected objective lens. 
2.3. Place a collector lens with an f of 200 millimeters 330 millimeters from the objective to re-focus the beams to form an image at the image plane [1]
2.3.1. Collector lens being placed. CU. The green light is visible at the end! In the last script this is 2.6.1. 
2.4. Insert a flip mirror after the image plane to enable real space imaging of the sample [1] and insert an L1 lens with an f of 125 millimeters so that the image plane is in focus [2].
2.4.1. Flip mirror being inserted Videographer: Important step
2.4.1.: CU from one side.
2.4.1.b: CU from in front of. 
2.4.2. Lens L1 being inserted Videographer: Important step. CU
** ATTENTION: We did a 2.4.2 and 2.5.1. and 2.6.2. all together in a wider shoot, just in case. We were afraid there was too much CU. So:
2.4.2. and 2.5.1. EXTRA: MED.
2.5. Place an L2 lens with an f of 250 millimeters at a 135-millimeter distance from L1 [1].
2.5.1. Lens being placed
2.5.1: MED
2.5.1.b: CU
2.6. Place a camera 210 millimeters from the L2 lens to capture a magnified image of the image plane [1-TXT] and move the L1 and L2 lenses until the pinhole placed in the image plane is in good focus on the CCD camera [2].
2.6.1. Camera being placed
2.6.1: MED
2.6.1.b: CU
2.6.2. Lenses being moved
2.6.2.a: CU
2.6.2.a again (I wanted to say b, but I made a mistake): MED. It’s not very nice the angle…
2.6.2.c: MED frontal. 
2.7. Place a pinhole into the image plane at 200 millimeters from the collector lens as needed to limit the imaged region to small patterned area. [2-TXT][3].
2.7.1. Pinhole being placed into image plane Videographer: Frame for side-by-side w/ 2.3.3.; Video Editor: show side-by-side w/ 2.3.3. TEXT: Use sample real space image to position pinhole. There are 2 attempts, one showing the paper (out of focus) and one without showing the light on the paper. I would use the 2nd one. This is like 2.6.2. in the newest script. 
2.7.2. SCREEN: screenshot_9: 00:10-00:38 Videographer: Frame for side-by-side w/ 2.3.2.; Video Editor: please speed up and show side-by-side w/ 2.3.2.
2.8. Place a Bertrand lens with an f of 75 millimeters 120 millimeters after the image plane to create a Fourier transform of the angular components of the image [1] and place a camera 75 millimeters from the Bertrand lens [2-TXT].
2.8.1. Bertrand lens being placed. CU
2.8.2. Shot of camera in position
2.8.2.a: WIDE checking cables.
2.8.2.b: CU camera on. 
2.9. Using a small drop of silver paint, mount the sample on the sample holder of a commercial DVD grating covered with magnetoplasmonic gold-cobolt-gold film [1].
2.9.1. Talent mounting sample onto holder
2.9.1.a: CU
2.9.1.b: ECU
2.9.1.c: ECU
** ATTENTION: we did add 2.9.2. which is talent placing sample to microscope. So:
2.9.2: Open MED.
2.10. Then move the objective lens toward the sample until the sample is in good focus in the CCD camera [1].
2.10.1. SCREEN: screenshot_9: 01:06-01:33 Video Editor: please speed up
3. Optical Reflectivity and Magneto-Optical Measurements 
3.1. To perform an optical reflectivity measurement, using the real space image of the sample, position the light spot over a reflective, unpatterned section of the sample [1] and flip the mirror to visualize the back focal plane of the microscope [2].
3.1.1. WIDE: Talent moving light spot over section
3.1.1.a: CU. Mikko moving the stage.
[bookmark: _GoBack]3.1.1.b: ECU (4K). Mikko asked to zoom in, in order to see the green light. (Author Comment: Perhaps the ECU video can be used to show actually how the light spot moves over the sample) (Editor: Use this shot if possible during “…position the light spot over a reflective, unpatterned section of the sample”)
3.1.2. SCREEN: screenshot_1: 01:26-01:37
3.2. Select the area of the back focal plane that corresponds to the polarization state of interest and select an area of interest as a rectangular cross section of the objective back focal plane along the axis that corresponds to the transverse magneto-optical-polarization [1].
3.2.1. SCREEN: screenshot_1: 01:58-02:17
3.3. Click Measure normalization spectrum to measure the spectrum of the light source. As each wavelength yields a 1D set of data points, the full spectrum of the light source is saved as a 2D tensor in which each data point represents a combination of wavelength and angle [1].
3.3.1. SCREEN: screenshot_10: 00:12-01:54 Video Editor: please speed up OR select an appropriate 10-15 s segment
3.4. Using the real space image of the sample, position the light source over the photonic crystal of interest [1] and switch back to the back focal plane, ensuring that the plasmon modes are visible as dark lines crossing the back focal plane [1-TXT].
3.4.1. SCREEN: screenshot_11: 00:11-00:21
3.4.2. SCREEN: screenshot_11: 00:58-01:07 TEXT: Lines move w/ incident light wavelength modification
3.5. Using the same area of interest and measurement settings, click Measure reflection spectrum to measure the reflection spectrum of the photonic crystal [1].
3.5.1. SCREEN: screenshot_11: 01:09-03:22 Video Editor: please speed up OR select appropriate 10-15 s segment
3.6. To perform a magneto-optical measurement, start by measuring a hysteresis loop using an angle and wavelength that are known to correspond to a good magneto-optical response [1-TXT].
3.6.1. SCREEN: screenshot_4: 00:12-00:46 Video Editor: can speed up TEXT: Conditions can be found close to SPP excitation
3.7. Using the hysteresis loop, select the range of magnetic fields to loop. For ferromagnetic samples, loop the fields from a fully saturated state to an oppositely saturated state, extending the range comfortably over the saturation field [1].
3.7.1. SCREEN: screenshot_12: 00:16-00:46 Video Editor: please speed up
3.8. Finally, measure the intensity reflected by the sample at each defined magnetic field point, repeating over multiple loops as desired [1]. 
3.8.1. SCREEN: screenshot_ 12: 00:04-00:34 Video Editor: please speed up
3.9. Each wavelength and magnetization point will yield a single 1D array of numerical data for which each point of the array corresponds to a particular angle [1].
3.9.1. SCREEN: screenshot_6: 00:09-00:19
4. Data Analysis 
4.1. To account for the spectral variation in the light source intensity, normalize the obtained spectrum by the spectrum of the light source [1]. This will yield a 2D array of numbers from 0 to 1, for which 1 corresponds to fully reflective and 0 corresponds to fully absorptive conditions [2].
4.1.1. WIDE: Talent at computer, normalizing spectrum with monitor visible in frame
4.1.1.a: CU. Mikko’s keyboard.
4.1.1.b: MED.
4.1.1.c: WIDE. 
4.1.2. SCREEN: screenshot_7: 00:08-00:14 
4.2. For data analysis, using the hysteresis loop of the sample, assign each measured frame to either of the saturated states or to the intermediate state [1].
4.2.1. SCREEN: screenshot_8: 00:07-00:25 Video Editor: can speed up
4.3. Then discard the measured intensities for which the operations are carried out separately for each angular and wavelength data point [1-TXT].
4.3.1. SCREEN: screenshot_8: 00:40-00:50 TEXT:   

** ATTENTION: We add a 4.3.2. of Mikko’s at computer in the lab, just in case to introduce some SCREEN shoot. So:

4.3.2.a.: CU Mikko’s face.
4.3.2.b: Mikko’s keyboard.
4.3.2.c: Mikko’s at computer from behind. 


Section – Results
5. Results: Representative DVD Grating Sample Measurements 

5.1. In this figure, a scanning electron microscope micrograph of a commercial DVD grating covered with a gold-copper-gold multilayer can be observed [1].

5.1.1. LAB MEDIA: Figure 4A

5.2. Here the optical and magneto-optical spectra for the grating can be observed [1].

5.2.1. LAB MEDIA: Figures 4B and 4C: JoVE Video Editor please sequentially emphasize Figure 4B then Figure 4C

5.3. The lines show the plasmon dispersion relations calculated from equation 1 [1] and correspond to a conspicuous dip in reflectivity that results from the incident radiation being converted into SPPs and dissipated via ohmic damping [2].

5.3.1. LAB MEDIA: Figures 4A and 4B: JoVE Video Editor please emphasize black lines in both figures
5.3.2. LAB MEDIA: Figures 4A and 4B

5.4. In the magneto-optical spectrum of the plasmonic grating, the plasmon lines [1] are accompanied by an increase in magneto-optical activity [2] that abruptly reverses at the surface plasmon polariton [3].

5.4.1. LAB MEDIA: Figures 4C_rectangle and Figure 1D_cutout: JoVE Video Editor please emphasize black lines in Figure 4C
5.4.2.  LAB MEDIA: Figures 4C_rectangle and Figure 1D_cutout: JoVE Video Editor please emphasize Figure 1D graph
5.4.3. LAB MEDIA: Figures 4C_rectangle and Figure 1D_cutout: JoVE Video Editor please emphasize data line from about 675 to 700

5.5. The line shape can be explained by the fact that the magnetization slightly changes the surface plasmon polariton excitation conditions [1], thus resulting in two different surface plasmon polaritons for opposite magnetization states [2].

5.5.1. LAB MEDIA: Figure 4C_new results
5.5.2. LAB MEDIA: Figure 4C_new results: JoVE Video Editor please sequentially emphasize red shading on left side of Figure then blue shading on right side of figure



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Mikko Kataja: Due to the small magnitude of the magneto-optical effects, the magnetic field needs to be swept in situ, measuring one wavelength at time to obtain an optimal signal-to-noise ratio [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. WIDE. Probably the last one is the good one. 
6.2. Mikko Kataja: This procedure can be implemented for a variety of magneto-optical techniques, for example, for Kerr microscopy to study the magnetic domain structure [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. MED. Here he is facing too much to one side, because I did not have space to place myself and he was looking at a cookies box. I’m sorry, I did not realize about that difference from 6.1.1.…
6.3. Gervasi Herranz: We have studied magneto-optical effects in diffraction by restricting the angular spread of the incident light to observe the diffracted beams in the back focal plane [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. WIDE. I would use penultimate and last one. 
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