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Questionnaire:

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__No_____  

Can you record movies/images using your own microscope camera? (Y/N)__Yes______   
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Yes______ 

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.) ________6.3.___________________________________
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.) _______none____________________
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) __No___  
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. Experimental Goal: (read by voice talent at JoVE) 
The overall goal of this experimental procedure is to perform spin- and angle-resolved photoemission spectroscopy combined with a polarization-variable 7-eV laser to visualize electronic spin structure in solid states with very high precision. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Kenta Kuroda: Spin- and angle-resolved photoemission spectroscopy, the so-called SARPES, is a powerful technique to investigate solid state electronic structures including their spin information.  
1.2. Kenta Kuroda: In our method, we combine this technique with a polarization-variable 7-eV laser, which enables us to determine the electron spin structures very precisely. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Koichiro Yaji: SARPES was generally performed with synchrotron radiation or noble-gas discharge lamp. Compared to these methods, using a polarization-variable 7-eV laser is a large improvement.
1.4. Ryo Nguchi: The polarization of laser beam can be easily controlled using a wave-plate.  By using this property, we can completely chase the behavior of the electron’s spin, which is sensitive to the light’s polarization. 

1.5. Ayumi Harasawa: The photoelectron spin direction depends on the light polarization. And that shows many physical meanings such as spin-orbit coupling and spin interreference.For this reason, our technique can be widely used for studying condensed matter physics. 
Protocol: (read by voice talent at JoVE) 
2. Sample Mount, Installation, and Cleaving

2.1. To begin, cut single-crystal samples of bismuth selenide and use a sliver-based epoxy to glue them to a sample holder. 2-CU]
2.1.1. Talent stands at bench cutting the crystal This shot was not filmed. The cutting process is unsuitable to be filmed. Talent glues one to a holder
2.2. Once the epoxy has cured, place a piece of scotch tape onto the surface of the samples. [1-CU] Then, transfer the sample magazine into the ultrahigh vacuum load lock and start the pump until the pressure of the load lock is lower than 1×10-5 Pa.[2-MED]
2.2.1. Talent places scotch tape onto the surface

2.2.2. Talent places the samples into the vacuum chamber and pumps it down This was not filmed. The controller was unsuitably placed to be filmed.
2.3. Next, open the ultrahigh vacuum valve between the load lock and the preparation chamber [1-MED] and move the sample magazine from the load lock to the preparation chamber using the feed-through mechanism attached to the load lock chamber.[2-CU]
2.3.1. Talent opens the valve as described

2.3.2. Talent moves the sample into the prep chamber
2.4. Now, use a transfer rod to pick up the sample from the sample magazine [1-CU] and then place the sample magazine back into the load lock and close the ultrahigh vacuum valve. [2-CU]
2.4.1. *Film as written

2.4.2. *Film as written
2.5. Wait until the pressure of the preparation chamber is below 5×10-7 Pa and then peel the scotch tape from the surface of the bismuth selenide using the wobble stick in the preparation chamber. This will cleave the sample, producing an atomically clean surface.  [1-CU]
2.5.1. Talent uses the stick to remove the tape
3. Sample Transfer and 7 eV-laser Setup  

3.1. Transfer the sample to the UHV measurement chamber. [1-CU]  There, use a screw driver to fix the sample to the main gonio-stage.[2-CU]
3.1.1. *Film as written
3.1.2. *Film as written

3.2. Then, move the stage to the measurement position and use a micrometer stage to precisely position the sample onto the focus of the spectrometer. [1-CU]
3.2.1. With the stage in position, talent uses the micrometer stage to fine position the sample.
3.3. Next, turn on the neodymium-doped yttrium orthovanadate laser and allow it to warm up for 10-15 minutes. [1-MED-TXT]
3.3.1. Talent turns on the laser (TEXT: Wavelength: 355 nm, Repetition rate: 120 MHz) 
3.4. Open the laser beam shutter, and make sure that the laser passes through a potassium beryllium fluoroborate crystal to generate a second-harmonic wave of 177 nm. [1-SCREEN]
3.4.1. Screen capture video as the above step is performed in the order listed. (Author: Please submit the screen capture video of this step as 57090_Kuroda_3_4_1.mov/mp4 to this link.)
3.5. Optimize the power of the 7 eV-laser by changing the power of the 355 nm laser using a variable attenuator. [1-SCREEN]
3.5.1. Screen capture video as the above step is performed in the order listed. (Author: Please submit the screen capture video of this step as 57090_Kuroda_3_5_1.mov/mp4 to this link.)
4. Angle-resolved Photoemission Spectroscopy (ARPES) Data Acquisition 

4.1. First, open the analyzer control software…  In the “sequence” menu, select “setup” and then choose “ARPES configuration”… and “ARPES Mapping” in the list to perform Fermi surface mapping with the photoelectron deflector.[1-SCREEN]
4.1.1. Screen capture video as the above step is performed in the order listed. (Author: Please submit the screen capture video of this step as 57090_Kuroda_4_1_1 to this link.)
4.2. Next, click on “Edit” and configure the Fermi surface mapping so that the emission angle ranges from -12° to 12°, with step size of 0.5° and 49 for the number of steps. Once set, go back into the “sequence” menu and select “Run”.[1-SCREEN]
4.2.1. Screen capture video as the above step is performed in the order listed. (Author: Please submit the screen capture video of this step as 57090_Kuroda_4_2_1 to this link.)
4.3. Koichiro Yaji: “The hemispherical analyzer has an electron deflector which enables us to map the Fermi surface without rotating the sample.” [1-INT]
4.3.1. Author says the above statement interview style

5. Spin and Angle-resolved Photoemission Spectroscopy (SARPES) Data Acquisition

5.1. Manually change the machine set-up for spin and angle-resolved photoemission spectroscopy measurement. [1-MED] This includes changing both the analyzer entrance slit and the aperture size. [2-LM]
5.1.1. Talent changes the machine set-up for spin and angle-resolved photoemission spectroscopy measurement
5.1.2. Figure 1 (Video Editor: Highlight the Entrance Slit and Aperture when mentioned.)

5.2. In the software, select “Setup” and choose “Spin configuration” and “Normal” from the list of options, and click “OK”. [1-SCREEN]
5.2.1. Screen capture video as the above step is performed in the order listed. (Author: Please submit the screen capture video of this step as 57090_Kuroda_5_2_1 to this link.)
5.3. Next, select “DA30” on the menu bar and navigate to “Control Theta”.  This will open the setting panel for the DA30 angle configuration.  In the panel, choose the emission angle for Theta X to be -6° and for Theta Y to be 0°. [1-SCREEN]
5.3.1. Screen capture video as the above step is performed in the order listed. (Author: Please submit the screen capture video of this step as 57090_Kuroda_5_3_1 to this link.)
5.4. Then, use a command prompt to apply the magnetic field by controlling the bipolar condenser bank.  This will magnetize the VLEED (pronounced: vílíd) target in the positive direction along the x, y, or z axis. [1-SCREEN]
5.4.1. Screen capture video as the above step is performed in the order listed. (Author: Please submit the screen capture video of this step as 57090_Kuroda_5_4_1 to this link.) 
5.5. Once set, click on “Run” to take the intensity spectrum. [1-SCREEN]
5.5.1. Screen capture video as the above step is performed in the order listed. (Author: Please submit the screen capture video of this step as 57090_Kuroda_5_5_1 to this link.)
5.6. Next, apply a magnetic field to magnetize the VLEED target in negative direction along the axis and run the scan to take another intensity spectrum. [1-SCREEN]
5.6.1. Screen capture video as the above step is performed in the order listed. (Author: Please submit the screen capture video of this step as 57090_Kuroda_5_6_1 to this link.)
5.7. When finished, calculate the spin-polarization and the spin-resolved spectra. [1-MED Over the Shoulder]
5.7.1. Talent sits at computer and opens appropriate software 
6. Scanning the Light Polarization Dependence 

6.1. Using the command prompt, power the step motor to precisely change the angle of the λ/2-waveplate in order to tune the light polarization of the 7 eV-laser. [1-SCREEN]
6.1.1. Screen capture video as the above step is performed in the order listed. (Author: Please submit the screen capture video of this step as 57090_Kuroda_6_1_1 to this link.)
6.2. Then, take the spin-resolved spectra for each of the x, y and z axes.  [1-SCREEN]
6.2.1. Screen capture video as the next axes is set up for spectral analysis. (Author: Please submit the screen capture video of this step as 57090_Kuroda_6_2_1 to this link.)
6.3. Scan the spin-resolved spectra as a function of the light polarization while varying the half waveplate angle from 0° to 102° with step size of 3°. [1-SCREEN]
6.3.1. Screen capture video as the step is moved 3 degrees and the spectra is re-scanned. (Author: Please submit the screen capture video of this step as 57090_Kuroda_6_3_1 to this link.) 
7. Light Polarization Dependence of the Three-dimensional Spin-polarization   
7.1. Bismuth selenide is a prototypical topological insulator with spin-polarized surface states. The obtained Fermi surface map of the surface-state in Bismuth selenide shows almost circled shape. Then, perform the band mapping along the high symmetry line, it shows the X-shaped energy dispersion, the so-called Dirac-cone. From these results, one can now choose the specific emission angle for SARPES experiment. [1-LM]
7.1.1. Figure 7 (Video Editor: Highlight the Band mapping figure with the words “the band map” and the Fermi surface map with the words “the Fermi surface map”)

7.2. When taken at Theta X = -6° and Theta Y = 0°, across -kF of the surface band, [1-LM] the energy distribution curves for different magnetization directions peak in intensity near the Fermi energy. The intensities near the peak are nonsymmetric in the two spectra. [2-LM]
7.2.1. Figure 7 (Video Editor: Show the band mapping graph and highlight the dotted line.)

7.2.2. Figure 8a (Video Editor: Highlight the area of the 2 peaks with the final sentence)
7.3. From the difference between their intensities, one can calculate the spin-polarization as a function of the energy and the spin-resolved spectra. [1-LM] Apparently, the up-spin spectrum has a peak structure, but the down-spin spectra is relatively flat. This reflects the almost 100% spin-polarization.[2-LM]
7.3.1. Figure 8b/c 

7.3.2. Figure 8b/c ( Video Editor: Highlight the red data in Figure 8c with the words “the up-spin spectrum has a peak structure” and the blue data in Figure 8c with the words “but the down-spin spectra is relatively flat”.

7.4. When taking the same measurement for different axis and with different light polarization, the spin-direction of the electrons and its polarization-dependence are clearly visible. For p-polarization, the data clearly shows the positively 100 % spin polarization only along y, and there is no-spin-polarization along x and z direction. [1-LM]
7.4.1. Figure 9a (Video Editor: Highlight the y data in the top graph with the final sentence.  Point out the difference between the red and blue lines using color or an arrow) 

7.5. Interestingly, when one switches the light polarization from p to s, the sign of spin-polarization also switches to the negatively 100% for s-polarization without x and z spin component.[1-LM]
7.5.1. Figure 9b (Video Editor: Highlight the y-data again, pointing out the gap between the red and blue lines.)
7.6. As a consequence of full spin information, the electron’s spin rotation is completely unraveled in three-dimension.[1-LM]   
7.6.1. Supplementary_movie.avi
8. Conclusion (said by authors on camera) 
8.1. Kenta Kuroda: We have demonstrated the power of the SAREPS with a polarization-variable laser for studying spin-polarized state of Bi2Se3. This allows us to directly visualize the electron’s spin and its deviations, as a function light-polarization. 
8.2. Kenta Kuroda: This technique can be easily applied for many other physical systems.

8.3. Koichiro Yaji: Our experiments show that even small changes in the light field significantly modify the photoelectron’s spin in three-dimensions.
8.4. Koichiro Yaji: How the sample is illuminated is very important.  one must take care of the experimental geometry to correctly understand the data. 
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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