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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N 
2. Does your protocol include software usage? N
3. Which steps from the protocol section below will viewers benefit most from having filmed? 2.11, 2.12, 2.14, 2.16 are the most important for viewers to see.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Step 2.16 is the most difficult because we cannot determine the tilting angle of the half-wave plate to give maximum coincidence in live.
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.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look. (Please note that the dedicated author webpage has sound.)
REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.
[bookmark: _Hlk6232480]Kaoru Sanaka: We present a high-performance photonic system that takes advantage of multiple quantum interference effects to produce polarization-entangled, degenerate, postselection-free photons at a high emission rate with a large broadband distribution. [1]
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Tomo Osada: Our approach uses a multiple reverse Hong-Ou-Mandel interference process to produce polarization-entangled photons with a high generation efficiency and reliable separation of degenerate photon pairs into different optical modes without postselection. [1]
1.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
[bookmark: _GoBack]
Introduction of Demonstrator: (Said by you on camera)
Kaoru Sanaka: Demonstrating the procedure will be Satoshi Kubo and Yoshiro Sato, grad students from my laboratory. [1][2]
1.1.3. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.1.4. MED: The named demonstrators look up from a workbench or desk and acknowledge the camera.



Section - Protocol
2. Interferometric System Setup
Videographer: Please film section 3 first, and then please film this section in reverse (i.e., starting from the last step). This way, the authors can demonstrate section 3 using their already-ready setup, and then they can show the setup in various partially-assembled states by disassembling it step by step.
To begin, turn on a laser diode (dy-owed /ˈdaɪ oʊd/) and set the power to a few milliwatts. [1-TXT] Place a holographic grating at about a 45-degree angle with respect to the laser diode surface and adjust the angle until the beam intensity appears to be maximized. [2]
2.1.1. MED: Talent turns on the laser diode and adjusts the power. TEXT: 405 nm; Grating-stabilized; Single-frequency
2.1.2. MED: Talent places a holographic grating some distance from the surface of the laser diode and turns the screw to adjust the angle while watching the power meter. Videographer: Please get at least 11-12 seconds of footage for this shot.
Next, couple the laser to a polarization-maintaining optical fiber. [1] Direct the fiber to a power meter and adjust the coupler screws to maximize the output power. [2] NOTE: Shot 2.2.3 that was in the original script was not filmed.
2.1.3. MED: Talent couples the laser output to the PMF.
2.1.4. MED: Talent directs the laser to a power meter and adjusts the coupler screws while watching the meter.
Direct the laser through a free-space isolator. [1] Then, place a half-wave plate and a quarter-wave plate for 405-nanometer light in the path of the beam. Set the plate angles to achieve the desired beam polarization state. [2-TXT]
2.1.5. MED: Talent connects the fiber to an isolator.
2.1.6. MED: Talent mounts the QWP after the already-installed HWP, and then adjusts the angles of both the QWP and HWP. TEXT: See text for details. Video Editor: Please wait to show the text overlay until “Set the…” in the voice-over.
Next, place a short-pass dichroic (dy-kro-ik /daɪˈkroʊ ɪk/) mirror and a polarizing beam-splitter cube in the path of the beam. [1-TXT] Use a regular mirror to direct the reflected s-polarized beam parallel to the transmitted p-polarized beam. [2]
2.1.7. MED: Talent mounts the PBS after the already-installed dichroic mirror. TEXT: PBS: 405 nm and 810 nm Video Editor: Please show the text overlay during “and a polarizing beam splitter cube” in the voice-over.
2.1.8. CU: Talent mounts a regular mirror next to the PBS to direct the reflected light perpendicular to the transmitted light.
Place a type-zero ppKTP (P-P-K-T-P) crystal on a temperature-controlled platform mounted in the path of the beam. Adjust the platform until the split beams pass through the crystal. [1-TXT]
2.1.9. MED: Talent places the ppKTP crystal on the temperature-controlled platform, and then adjusts the height of the platform until the beams pass through the crystal. TEXT: See text for KTiOPO4 (ppKTP) dimensions. Video Editor: Please show the text overlay during “Place a type-zero ppKTP crystal” in the voice-over.
Then, adjust the beam splitter and mirrors until both the s- and p-polarized beams are parallel for a few meters. [1] Use both the 405-nanometer pump laser and an 810-nanometer reference laser for this adjustment. [2]
2.1.10. WIDE: Talent adjusts the PBS, the DM, and the regular mirror until the beams are parallel for at least a meter.
2.1.11. MED: Talent couples the pump laser to the system, turns it on, and looks at how parallel the beams are.
Next, mount a dual-wave half-wave plate on either side of the ppKTP crystal perpendicular to the incident light. The half-wave plate between the beam splitter and the crystal has been set to 22.5 degrees, and the other plate to 45 degrees in advance [1-TXT]. NOTE: Shot 2.7.2 that was in the original script was not filmed.
2.1.12. MED: With HWP2 already in place, talent mounts HWP1 on the far side of the ppKTP crystal. TEXT: Dual-wave HWPs: 405 nm and 810 nm Video Editor: Please show the text overlay during “mount a…plate” in the voice-over.
Then, place a retroreflector at the end of the setup to direct the down-converted beams back through the ppKTP crystal and the 22.5-degree half-wave plate. [1]
2.1.13. MED: Talent mounts the retroreflector at the end of the setup and adjusts the retroreflector (and HWP2, if necessary).
Position the 45-degree half-wave plate so that only the inbound beam reflected from the beam splitter and the outbound beam from the other side pass through it. [1]
2.1.14. MED: Talent moves HWP1 so that it will only intersect those two beams, and then points out the paths of the beams passing through it.
Ensure that both outbound beams are directed into the beam splitter to generate the clockwise and counterclockwise photon beams. [1]
2.1.15. MED: Talent adjusts the regular mirror slightly.
Place CCD camera beam profilers in line with the output photon beams. [1] Adjust the mirrors and retroreflector so that the clockwise and counterclockwise beam pairs are in the same spatial modes. [2]
Videographer: This is an important step for viewers to see. 
2.1.16. MED: Talent places a beam profiler in the path of each beam.
2.1.17. MED: Talent adjusts the regular mirror, DM, and retroreflector and checks the profiling images on each camera.
Then, mount a 300-millimeter focus lens between the quarter-wave plate and the dichroic mirror. Position the lens so that the focal point of the pump laser beam is [1-TXT] around the generation position of the second photon down-conversion in the ppKTP crystal. [2]
Videographer: This is an important step for viewers to see. 
2.1.18. MED: Talent mounts the focus lens between the QWP and the DM. TEXT: 300 mm focus lens; 600 mm from input to output of interferometer Video Editor: Please show the text overlay during “Then, mount…dichroic mirror.”
2.1.19. CU: Talent points out the approximate generation position of the second SPDC in the ppKTP crystal.
Remove the beam profilers and [1] place a quarter-wave plate, a wire-grid polarizer, and an interference filter in the path of each output beam. [2-TXT] Couple the beams to multimode fibers with a collimator (call-ih-mate-er /ˈkɒl ɪˌmeɪt ər/) lens. [3]
2.1.20. MED: Talent removes the beam profilers from the output beams.
2.1.21. MED: Talent points out the installed QWP, polarizer, and IF in line with each output beam. TEXT: QWP: 808 nm; IF: 810 nm center, 3 nm bandwidth
2.1.22. MED: Talent mounts a multimode fiber with a collimator lens in line with one of the output beams.
Place a 300-millimeter focus lens before each quarter-wave plate and focus the output beams on the collimators. [1] Then, connect the multimode fibers to single-photon counting modules that use silicon avalanche photodiodes. [2]
Videographer: This is an important step for viewers to see. 
2.1.23. MED: Talent mounts a 300 mm focus lens for one of the output beams and adjusts its position to focus the beam on the corresponding collimator.
2.1.24. MED: Talent couples each multimode fiber to a SPCM.
Once the setup has been fully assembled, turn off the reference laser and re-connect the diode laser. [1] Turn off the room lights and exclude all external light. [2] Then, turn on the counting modules and count the down-converted photons. [3]
2.1.25. LAB MEDIA: ExperimentalSetupTest.mp4 (animation showing the full setup with labels).
2.1.26. WIDE: Talent turns off the room lights to put the room under darkroom conditions.
2.1.27. MED: Talent looks at the single counts detector readout.
Then, adjust the temperature of the ppKTP crystal [1] and the tilting angle of the 45-degree half-wave plate to improve the count rate of down-converted photons. Repeat the measurements and adjustments until the count rate is maximized. [2]
Videographer: This is an important step for viewers to see. 
2.1.28. MED: Talent sets the temperature of the temperature-controlled platform for the ppKTP crystal to 25-30 °C.
2.1.29. MED: Talent adjusts the tilting angle of HWP1 while watching the single count rate reading. Videographer: Please get at least 12-13 seconds of footage for this shot.
Video Editor: Adjusting the tilting angle of HWP1 is a critical step in the procedure; however, the difficulty of this step is because the optimal tilting angle cannot be determined ‘live’. The measurement technique is described in section 3.
3. Measurement of the Coincidence Count
Before the measurement, set the angles of the quarter-wave plates and polarizers for the output beams [1] to attain the desired polarization base for the measurement. [2-TXT]
3.1.1. LAB MEDIA: 00:09-00:15 (and then hold on still frame at the end of the video if needed) from ExperimentalSetupTest.mp4. Video Editor: Once the animation has stilled, please highlight or add arrows pointing to the ‘QWP’ and ‘POL’ labels within the ‘mode1’ bracket. If possible, please also highlight the two ‘lenses’ in line with each of those labels (one for each red line).
3.1.2. MED: Talent adjusts the QWPs and polarizers for mode 1 and mode 2. TEXT: See text for details.
Then, connect the single-photon counting module of the output beam reflected off the dichroic mirror to the start signal input of a time-to-amplitude converter. [1] Connect the other beam to the stop signal input via an electrical delay line. [2]
3.1.3. MED: Talent connects the mode 2 SPCM to the start signal input of the TAC.
3.1.4. MED: Talent connects the mode 1 SPCM to a delay line connected to the stop signal input of the TAC.
Set the delay time to 50 nanoseconds and the displayed time range to 100 nanoseconds. [1] Open the instrument software, set the measurement time to 30 seconds, and start the measurement. [2]
3.1.5. MED: Talent adjusts the TAC controls to set the delay time to 50 ns and the time range to 100 ns.
3.1.6. MED-Over shoulder: An over-shoulder view of the software as talent sets the measurement time to 30 seconds and starts the measurement.
When the measurement finishes, record the pulse height distribution. [1] Repeat the measurement with several polarization base combinations and identify a coincidence time window based on the temporal (temp-uh-rul /ˈtɛmp ə rəl/) resolution of the counting modules. [2]
3.1.7. MED-Over shoulder: An over-shoulder view of the software as talent records the pulse height distribution for a measurement.
3.1.8. MED-Over shoulder: An over-shoulder view of the software as talent looks at coincidence spectra for several different polarization bases.
For each measurement, integrate the area under the peak within the coincidence time window to estimate the coincidence counts. [1] Calculate the fidelity and Bell parameters to confirm that the system is generating polarization-entangled photons. [2]
3.1.9. MED-Over shoulder: An over-shoulder view of the software as talent integrates the area under the peak of a coincidence measurement.
3.1.10. MED-Over shoulder: An over-shoulder view of spreadsheet software as talent calculates a polarized second-order correlation.



Section – Results
4. Results: Generation of Unconditional Polarization-Entangled Photons
Analysis of coincidence detection measurements from [1] six combinations of polarization bases [2] confirmed that the system could generate and detect polarization-entangled photons. [3]
4.1.1. LAB MEDIA: Figure 4 – Video Editor: Add the caption/legend: ‘H: Horizontal, V: Vertical, D: Diagonal, A: Anti-diagonal, R: Right-circular, L: Left-circular’. Please retain this caption throughout this voice-over step (4.1.1-4.1.3).
4.1.2. LAB MEDIA: Figure 4 – Video Editor: Emphasize the two-letter codes in the upper left corners of each graph (HH, HV, etc.).
4.1.3. LAB MEDIA: Figure 4 – Video Editor: Highlight the center peak in each of the five graphs with a visible peak and the small spikes in the center of the HH graph line (roughly in line with the DD peak below it).
The entanglement fidelity was 0.85, exceeding the classical local correlation limit of 0.5. [1] The correlations from the bases of polarization all exceeded the classical parameter limit of 2, violating the Bell inequality. [2]
4.1.4. LAB MEDIA: Figure 4 – Video Editor: Add the caption ‘f = 0.85 ± 0.01’. Please retain this caption for the rest of the voice-over.
4.1.5. LAB MEDIA: Figure 4 – Video Editor: Add the caption ‘SRC = 2.31 ± 0.04, SDC = 2.09 ± 0.05, SRD = 2.44 ± 0.04’ and the caption ‘R: Rectilinear, D: Diagonal, C: Circular’.



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Tomo Osada: Our method allows postselection-free separation of degenerate photon pairs into different optical modes characteristic of type-II spontaneous parametric down-conversion while maintaining the large bandwidth and high efficiency of type-0 SPDC. [1]
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Kaoru Sanaka: This method of using multiple quantum interference processes is also useful for the amplification of entangled photons through the stimulated emission of SPDC. [1]
5.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Tomo Osada: Owing to the simplicity of our scheme, we can further improve the polarization-entangled photon generation efficiency by modifying the pulse laser pumping and the waveguide structures in nonlinear crystals. [1]
5.1.3. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Kaoru Sanaka: We can also generate photons in the telecom wavelength band by changing the poling period of the crystal. [1]
5.1.4. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Tomo Osada: Our technique improved the total photon-pair production rate per unit pump power by two to three orders of magnitude owing to the large bandwidth of type-0 SPDC. [1]
5.1.5. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Kaoru Sanaka: A large bandwidth of correlated photon pairs gives a very short coincidence time, which has attracted considerable attention for use in quantum optical coherence tomography and in many other applications. [1]
5.1.6. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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