Submission ID #: 56435
Editor Name: William Hoston
Videographer name:
Film Date: July 31, 2017
Link:
Authors and Affiliations: Disheng Chen, Gary R. Lander, Edward B. Flagg
Department of Physics and Astronomy, West Virginia University, USA
Title: Resonance Fluorescence of an InGaAs Quantum Dot in a Planar Cavity using Orthogonal Excitation and Detection
Corresponding Author: Edward B, Flagg (Edward.Flagg@mail.wvu.edu)
Co-authors:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? 
Answer: We probably need to film through the IR-viewer to see the silhouette of the sample in the laser beam. We have recorded through the IR-viewer using cell-phone cameras in the past.
I have used the notation SCOPE in the shot listing that require capture of infrared video. Please discuss this with the authors. They may have to provide these. If you are able to record infrared wavelengths, mention this to the authors.
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? 
Answer: No.
C.  Which steps of your protocol will viewers benefit most from having filmed? 
Answer: Steps 3.2, 4.3, 4.5, 5.3, 6.4, 7.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
Answer: 4.3, 4.5 are the most difficult steps. They require manual dexterity and careful monitoring using the IR-viewer.
E.  Will the filming need to take place in multiple locations? Answer: 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 protocol is to achieve resonant excitation of a quantum dot and simultaneous fluorescence detection using orthogonal excitation and detection modes. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Edward Flagg: The realization of resonant excitation with fluorescence detection is essential for studying light-matter interactions in low-dimensional nanostructures and has been used to illustrate quantum optical effects such as dressed states. 
1.2. Disheng Chen: The main advantage of this technique is that it uses the orthogonality between the excitation and detection modes to minimize the collection of laser scattering, which preserves the fluorescence polarization.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Gary Lander: This technique has implications for quantum dot based sources of highly indistinguishable single photons and for coherent control and measurement of electron spins in quantum dots.  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) N/A
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total) N/A
Protocol: (read by voice talent at JoVE)
Videographer: Please consult the authors about sequencing the shots. The cooling mentioned in step 6.1 takes almost 2 hours. 
2. The Experiment Setup
2.1. Set up the elements of the experiment on an optical bench. [1-WIDE] A cryostat to hold a sample is at the center of the experiment. The optical elements direct and focus the output of three light sources. [2-CU/MED]
2.1.1. Talent at bench with experiment setup
2.1.2. The optical bench, using the cryostat as the focus (possibly pointed out by the talent), showing other optical elements used in the experiment. I don’t know if this is a CU or MED)
2.2. This schematic provides an overview of the setup. [1-LM] Again, the sample, held in a cryostat, is at the center. [2-LM] One light source is an external cavity diode laser used for resonant excitation. [3-LM] Another is a helium-neon laser used for above-band excitation. [4-LM] There is also an LED for illumination. [5-LM]
2.2.1. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Note that the curved line at the bottom left of the symbol labeled “Spectrometer” should have its center of curvature facing the triangular symbol, roughly symmetric with the symbol at the bottom right. This should be the case whenever this slide is used.)
2.2.2. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Please highlight/point to the symbol labeled “Cryostat” in the lower right of the image)
2.2.3. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Please highlight/point to the arrow and label “Resonant Excitation Laser” in the lower left)
2.2.4. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor:  Please highlight/point to the arrow and label “HeNe Laser” at the center right of the image)
2.2.5. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Please highlight/point to the green symbol labeled “Illuminator” at the center of the image.)
2.3. The resonant excitation laser beam passes through a polarizer and enters through one window of the cryostat. [1-LM] The lenses E1 and E2 form a Keplerian telescope. [2-LM] E1 is on an X-Y stage to allow shifting the excitation spot laterally. E2 is in a zoom housing to allow varying the depth of focus. [3-CU] [4-CU]
2.3.1. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Please highlight the orange line that starts at the symbol FC0 in the lower left and ends at the symbol labeled “Cryostat”. If possible, highlight the symbol labeled “POL (V)” when “polarizer” is voiced.)
2.3.2. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Highlight the symbols labeled E1 and E2)
2.3.3. The lens E1 and its X-Y stage. The lens zoom housing of lens E2. If possible, have the lens E1 in the frame. Shots 2.3.3. and 2.3.4. combined into single shot.
2.3.4. The lens zoom housing of lens E2. If possible, have the lens E1 in the frame.
2.4. Light from the illumination source and the helium-neon laser enter the other window of the cryostat. [1-LM] Within the sample, the light interacts with the indium gallium arsenide quantum dots embedded between two distributed Bragg reflectors. [2_LM] The cleaved face of the sample is exposed to the resonant excitation laser. [3-LM]
2.4.1. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Please highlight the yellow line starting at K4 and continue by following the red line that goes right from the symbol labeled “Pellicle” until it ends at the symbol labeled “Cryostat”. Simultaneously highlight the green line that starts at FC1 as it merges with the red line until it ends at the symbol labeled “Cryostat”)
2.4.2. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slides 1 and 2 (Video editor: Use the image within the circle in slide 2 and associate it with the symbol labeled “Cryostat” in slide 1. Highlight/point to the blue “bumps” labeled “InGaAs QD” when “indium gallium arsenide quantum dots” is voiced, and the horizontal dark blue lines labeled “DBR” when “two distributed Bragg reflectors is voiced. If the image is too crowded, the measurements at the right can be removed.)
2.4.3. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slides 2 (Video editor: Continue to work with the symbols in the circle in slide 2. If you feel slide 1 should remain in the image, include it. During the sentence, in some way call attention to the left side of the blue rectangular region where it first intersects with the orange colored region.)
2.5. Photoluminescence from the quantum dot travels back along the optical path of the helium-neon laser. [1-LM] It passes through a second Keplerian telescope with a design similar to the first, but with unity magnification. [2-LM] A camera is in position to capture the light from the sample in order to facilitate the alignment. [3-LM] A spectrometer is in position to collect the PL from the sample for intensity and spectral analysis. [4-LM]  The position of a flip mirror, M1, determines whether the light goes to the camera or the spectrometer. [5-LM]
2.5.1. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Please highlight the red line starting at the symbol labeled “Cryostat” and continuing it to the symbol labeled M1)
2.5.2. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Highlight the two symbols labeled L1 and L2)
2.5.3. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Highlight the symbol labeled “Camera”)
2.5.4. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Please highlight the symbols label “Spectrometer”)
2.5.5. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Please highlight the symbol labeled M1)
3. Sample Preparation
3.1. The first step is to prepare a sample for the experiment. [1-WIDE] Experiment samples are cleaved from a larger sample grown using molecular beam epitaxy. [2-CU-TXT] In addition to the sample, have ready a copper sample plate, thermally conductive paint, a diamond scribe, and flat ended tweezers. [3-CU]
3.1.1. Talent at bench with materials to cleave and mount sample
3.1.2. The large sample that will be cleaved [TEXT: See text protocol for sample features.]
3.1.3. The listed items ready for use, possibly with the large sample included in the frame
3.2. Approach the sample with the diamond scribe. [1-MED] Use it to make a small scratch on the edge of the sample’s top surface. [2-CU-TXT] Then use the tweezers to hold the sample on each side of the scratch and apply an outward-rotating torque. [3-CU]
3.2.1. Talent with scribe, moving in to work on the sample
3.2.2. The sample as the scribe makes a scratch on its surface [TEXT: Scratch ~5 mm from edge] (Video editor: Please transition to the next shot to suggest time has passed)
3.2.3. The scratched sample with tweezers in position to apply torque. After a pause, torque applied and the sample cleaving
3.3. Move the cleaved sample to the copper sample plate and attach it with the thermally conductive paint. [1-CU] Next, take the copper sample plate to the cryostat to mount it. [2-MED] Ensure that the sample is oriented correctly for the experiment. [3-CU]
3.3.1. The sample on the copper sample plate. After a pause, conductive paint being applied
3.3.2. Talent at cryostat, mounting the sample plate
3.3.3. The sample plate in the cryostat. It might be best to show all shots in the cryostat from as close to the same point of view as possible to help the viewers stay oriented
4. Installation of the Excitation Objective
4.1. The next step is to install an aspheric objective lens in the cryostat. [1-WIDE] This lens is secured in a translational mount with three degrees of freedom. [2-CU] It belongs in the resonant excitation laser path and focuses light through the cleaved end of the sample. [3-LM] At the beginning, the lens should be more than one focal length from the sample. [4-CU]
4.1.1. Talent at bench, holding/inspecting a translation stage with the aspheric lens mounted on it
4.1.2. The translation stage with mounted lens (consistent with previous shot)
4.1.3. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slides 1 and 2 (Video editor: Use the image within the circle in slide 2 and associate it with the symbol labeled “Cryostat” in slide 1. Highlight/point to the symbol labeled “Eobj”)
4.1.4. The lens at an appropriate distance from the sample in the cryostat
4.2. With the lens in the cryostat, turn on the excitation laser and center the lens on it. [1-MEDCU] The lens height should be the same as that of the center of the sample. [2-CU] Next, set up a white paper screen in the laser path behind the sample and observe the screen with an infrared viewer. [3-MED] There should be a bright spot due to the light transmitted through the sample. [4-SCOPE]
4.2.1. Talent working with lens in the cryostat to center it on the laser beam.
4.2.2. The lens and sample in the laser beam to show the results of the previous step
4.2.3. Talent placing a paper screen in path of transmitted beam and using an infrared viewer to observe it
4.2.4. Image of the bright light on the screen before any adjustments
4.3. Slowly translate the lens toward the sample. [1-CU] Observe the screen through the viewer and stop when a clear silhouette image of the sample appears. [2-SCOPE] Adjust the lens position to center the silhouette at the center of the bright spot. [3-SCOPE]
4.3.1. Talent adjusting the translation stage with the excitation objective
4.3.2. Image on the screen as the lens position is adjusted, stopping when there is a clear silhouette (Video editor: This recorded video may not be very smooth. You might use a series of frames to represent the evolution of the image.)
4.3.3. Image on the screen as lens is centered (Video editor: This may also require use of a series of frames) Comment: Take 5 of Step 4.3.2 is followed by take 3 of Step 4.3.3. Take 6 of Step 4.3.2 is followed by take 4 of Step 4.3.3.
4.4. Continue slowly translating the lens toward the sample. [1-MED] The silhouette image on the screen will become magnified and may shift horizontally. [2-SCOPE] Keep adjusting the lens to center the image and magnify it until interference fringes are visible. [3-SCOPE]
4.4.1. Talent working at the cryostat to adjust the lens position
4.4.2. Image on the screen as silhouette becomes magnified and shifted (Video editor: This may also require use of a series of frames). Image on the screen as the magnification increases enough that fringes are visible. Shots 4.4.2. and 4.4.3.combined into single shot. Takes 4,5 and 7 are good.
4.4.3. Image on the screen as the magnification increases enough that fringes are visible. (Video editor: This may also require use of a series of frames)
4.5. Slowly translate the lens further toward the sample. [1-CU] At each depth position, monitor the fringes by sliding the objective left and right. [2-SCOPE] Move the lens to a position that maximizes the spacing between the two groups of fringes and secure it. [3-CU] Then adjust the lateral lens position to minimize fringes on the paper screen. [4-SCOPE] 
4.5.1. The lens in the cryostat as it is moved closer to the sample
4.5.2. Image on the screen as the fringes are shown to the left and right  (Video editor: This may also require use of a series of frames)
4.5.3. The lens being secured
4.5.4. Image on the screen as the fringes are minimized (Video editor: This may also require use of a series of frames) Comment: Take 1 and 3 are good. Take 2 is bad.
5. Alignment of Telescope Lenses in the Excitation Path
5.1. Next, adjust the Keplerian telescope in the excitation path. [1-WIDE] The two lenses should be centered on the resonant excitation laser beam. [2-CU] Referring to the schematic, position lens E2 so that it and the aspheric lens are separated by the sum of their focal lengths. [3-LM]
5.1.1. Talent at bench, near the telescope in the excitation path
5.1.2. The two lenses that form the telescope
5.1.3. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx (Video editor: Please indicate in some way the separation between the symbol labeled E2 and the symbol just before the one labeled “Sample” along the orange colored line. Associate with this interval the text “fE2 + fEobj”, if possible.)
5.2. Also, set the separation between E1 and E2 to be the sum of their focal lengths. [1-LM] Use the infrared viewer to observe the diffraction pattern on the paper screen while adjusting the height of the lens, E1. [2-MED] The goal is to again observe the interference fringes. [3-SCOPE]
5.2.1. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx (Video editor: Please indicate in some way the separation between the symbols labeled E1 and E2. Associate with this interval the text “fE1 + fE2”, if possible)
5.2.2. Talent using infrared viewer and adjusting the height of the lens
5.2.3. Image of both groups of fringes on the screen E2 starts purposely out of focus
5.3. Slide E2 forward and backward while monitoring the fringes by sliding E1 left and right. [1-CU] Place E2 at the position where the fringe groups are farthest apart. [2-SCOPE] Finally adjust lens E1 laterally to have the fringes disappear or be minimized. [3-SCOPE] Remove the screen and continue placing and aligning the remaining optical elements. [4-WIDE-TXT]
5.3.1. Lens E2 (in holder) as it is being moved. It is probably best to show motion in only one direction and have shot 5.3.2 be consistent with that motion.)
5.3.2. The image on the screen as it reaches maximum magnification
5.3.3. Image on the screen as the fringes disappear [TEXT: Adjust lens E1 laterally]
5.3.4. Talent removing the screen and continuing with other setup steps [TEXT: See text protocol for details.]
6. Overlap of the Photoluminescence Collection Path with the Resonant Excitation Path
6.1. Cool the sample to 4.2 Kelvin and prepare for spectrometry. [1-WIDE] The apparatus should be configured as in this schematic. [2-LM] Excite the sample with the helium-neon laser and direct the photoluminescence from the sample to the spectrometer. [3-LM] 
6.1.1. Talent at the spectrometer, starting a measurement
6.1.2. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Please remove the orange “beam” that starts at the “FC0”, the yellow “beam” that starts at “K4”, the red “beam” to the left of “M1”, and the yellow and orange arrows that are in or near the “beams”)
6.1.3. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Keep image as in 6.1.2. In some way highlight the green “beam” that starts at “FC1” during “Excite the sample with the helium-neon laser”, then the red “beam” starting at the sample and ending at the spectrometer symbol for the rest of the sentence. Highlight the symbol labeled “Spectrometer” when it is voiced.)
6.2. From the resulting measured emission spectrum, identify the emission peak between 860 and 900 nanometers. This corresponds to emission from the wetting layer. [1-LM] For the next measurement, change the configuration to use the camera. [2-LM]
6.2.1. LAB MEDIA: “Figure S5 - Sample Spectrum ver1.pdf” (Video editor: Please highlight the region between 860 and 900 on the horizontal scale and point to the peak labeled “Wetting layer”)
6.2.2. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Keep the image as it appears in 6.1.2 except remove the red “beam” that goes up from “M1” through the “Spectrometer”, return the red “beam” that goes to the left from “M1”, and rotate the symbol “M1” to be horizontal and out of the red “beam” path)
6.3. Use a long-pass filter in front of the camera to block the helium-neon light. Also, turn on the illumination light. [1-LM] Shift the lens L2 laterally while observing the camera image. [2-LM] The sample image will be panned by the lens motion. Stop after locating the cleaved edge of the sample. [3-LM]
6.3.1. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Start with the image in 6.2.2. Please point to the symbol “F1” during the first sentence. Associate the text “Filter: 800 nm, long-pass” with the symbol “F1”. During the second sentence, return the yellow “beam” that goes from “K4” to “Sample” and the yellow arrow between “L1” and “L2”.)
6.3.2. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Start with the image from 6.3.1, except for the text describing the filter. Please highlight the symbol “L2” and suggest moving it left to right [possibly with a double headed arrow])
6.3.3. LAB MEDIA: (Authors: Please provide video capture from the camera as the sample is brought into position in the frame. This should be about 10 seconds.)
6.4. Now turn on the resonant excitation laser with the wavelength set to be resonant with the wetting layer. [1-LM] On the camera, identify a bright scattering spot at the cleaved edge of the sample. [2-LM] Next, adjust the horizontal position of E1. [3-LM] 
6.4.1. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Keep the image as it appears in 6.3.1, except for the text describing the filter. Add the orange “beam” that starts at “FC0” and ends at “Sample”)
6.4.2. LAB MEDIA: (Authors: Please provide video or a still image with the bright spot on the cleaved edge of the sample. This should be about 10 seconds.)
6.4.3. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Keep the image as in 6.4.1 and highlight the symbol E1. Suggest moving it vertically on the page [possibly with a double headed arrow])
6.5. The aim is to observe a “streak pattern” of photoluminescence on the camera and to maximize its intensity. [1-LM] Then, move E1 vertically to overlap the streak with the photoluminescence spot caused by the helium-neon excitation. Monitor and record the intensity of the photoluminescence. [2-LM] Systematically adjust lenses E1 and E2 to maximize the intensity. [3-LM]
6.5.1. LAB MEDIA: (Authors: Please provide video of the streak as it appears and its intensity is maximized. This should be about 10 seconds.)
6.5.2. LAB MEDIA: (Authors: Please provide video of the streak as it overlaps with the photoluminescence spot of the HeNe excitation. This should be about 10 seconds.)
6.5.3. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Start with the image as in 6.4.1. Highlight “E1” and “E2”)
7. Resonant Excitation of a Single Quantum Dot by Spectral Searching
7.1. Change the configuration back to use the spectrometer. [1-WIDE] Set it up to monitor the first-order diffraction at the center of the emission wavelength of the quantum dot ensemble. [2-LM] Next, move to the excitation laser. [3-WIDE]
7.1.1. Talent working at the spectrometer
7.1.2. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Have the image as it appears in 6.1.2)(Video editor: Starting with the original slide, please remove, the yellow “beam” that starts at “K4”, the red “beam” to the left of “M1”, and the yellow arrow between the symbols L1 and L2)
7.1.3. Talent arriving at excitation laser 
7.2. Tune its frequency across the energy range of the quantum dot ensemble. [1-CU] Observe the emitted photoluminescence with the CCD camera attached to the spectrometer. [2-LM] A resonantly excited quantum dot will appear as a dot surrounded by Airy rings. Select a bright quantum dot to work with. [3-LM]  
7.2.1. Detail of controls as talent tunes laser frequency
7.2.2. LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Have the image as it appears in 7.1.2. Please highlight the symbol for the CCD camera at the top right of the image.)
7.2.3. LAB MEDIA: (Authors: Please provide video from the CCD showing Airy rings. Ideally you could show video of rings from at least two QD, one of which you will end on in this step and focus on in the next step. This should be 5-10 seconds)
7.3. Maximize the dot’s photoluminescence intensity by fine tuning the wavelength of the resonant excitation laser. [1-LM]  Jointly adjust E1 laterally and E2 axially to achieve maximum intensity. [2-LM] 
7.3.1. LAB MEDIA: (Authors: Please provide video of the selected quantum dot as its photoluminescence intensity is maximized. This should be 5-10 seconds)
7.3.2. LAB MEDIA: LAB MEDIA: Setup_EdwardFlagg_Figure1.pptx, slide 1 (Video editor: Have the image as it appears in 7.1.2. Highlight the symbols “E1” and “E2”)
8. Results: Resonance Fluorescence of Single Quantum Dots
8.1. This series of images is from a neutral quantum dot at different detunings as indicated in gigahertz at the top of each image. [1-LM-TXT]  For comparison, this series is from a charged quantum dot at different detunings, also indicated at the top of the images. The charge state cannot be determined solely using the spectrum. [2-LM-TXT]
8.1.1. LAB MEDIA: RPLEframeneutral_EdwardFlagg_Figure4.pdf (Video editor: If you can, please associate the text “Zero detuning at 927.8597 nm” with the seventh image labeled with “0.00”. Otherwise, associate the text with the entire image.)
8.1.2. LAB MEDIA: Previous and RPLEframecharged_EdwardFlagg_Figure5.pdf (Video editor: Add the new image below the first. Please handle the text “Zero detuning at 927.653 nm” as in the previous shot)
8.2. Using the neutral quantum dot images and integrating the intensity within a radius of 4 pixels of the image center yields this spectrum. [1-LM] This spectrum is the result of a similar procedure with the charged quantum dot images and a 6 pixel radius.[2-LM] 
8.2.1. LAB MEDIA: Previous and RPLEneutral_EdwardFlagg_Figure2.pdf (Video editor: Please associate the new image with the upper image, “...Figure4.pdf”. Place it between the first two images, possibly with additional space below it to more closely associate it with the top image. The “Zero detuning at ….” text associated with the first two images can be removed, if necessary.)
8.2.2. LAB MEDIA: Previous and RPLEcharged_EdwardFlagg_Figure3.pdf (Video editor: Associate the new image with the bottom image, “...Figure5.pdf”. Place it above the bottom image and below the image “...Figure2.pdf”, if that isn’t too crowded.)
8.3. The orange dots represent the normalized resonant photoluminescence excitation intensity. [1-LM] The blue squares are data from the corresponding set of images.[2-LM] 
8.3.1. LAB MEDIA:  Continued (Video editor: Point out the orange data points in one or both images)
8.3.2. LAB MEDIA:  Continued (Video editor: Point out the blue squares in one or both images)
8.4. These images are from 8 different quantum dots with different resonant wavelengths that monotonically increase from left to right. [1-LM] The pattern of a central Airy disk with surrounding rings is the typical image of a quantum dot. The radii of the rings and disk vary because of the interdependence of the wavelengths and emission angles of the cavity modes. [2-LM]
8.4.1. LAB MEDIA: 56435fig3large.jpg (Video editor: Please call attention to the numbers at the top of each image that increase from left to right.)
8.4.2. LAB MEDIA: 56435fig3large.jpg (Video editor: This goes with two sentences.)
9. Conclusion (said by authors on camera)
9.1. Disheng Chen: Generally, individuals new to this method will struggle with coupling laser light into the waveguide of the sample because the alignment is very sensitive and coarse alignment must be done at room temperature.
9.2. Gary Lander: Once the experimental components are prepared, the alignment can be done in a couple of hours if it is performed properly.
9.3. Disheng Chen: While attempting this procedure, it’s important to monitor the interference fringes to coarsely position the excitation lenses, and high quality imaging of the sample surface is critical to allow alignment of the excitation and detection paths. 
9.4. Gary Lander: Following this procedure, the detection path can be modified to include further elements such as a polarization analyzer or a tunable Fabry-Perot interferometer. 
9.5. Edward Flagg: This technique paved the way for researchers in the field of solid-state quantum optics to explore resonant phenomena in zero-dimensional atom-like systems, such as quantum dots.
9.6. Disheng Chen: After watching this video, you should have a good understanding of how to achieve resonant excitation of a quantum dot and simultaneous fluorescence detection using orthogonal excitation and detection modes. 
9.7. Gary Lander: Don't forget that working with lasers can be extremely dangerous and precautions, such as wearing proper safety goggles, should always be taken while performing this procedure.
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.
2.3 – Setup_EdwardFlagg_Figure1.pptx – Schematic of the optical setup with zoom-in inset in an individual slide.  
8.1 – RPLEneutral_EdwardFlagg_Figure2.pdf – RPLE spectrum of a neutral quantum dot.
  – RPLEcharged_EdwardFlagg_Figure3.pdf – RPLE spectrum of a charged quantum dot. 
  – RPLEframeneutral_EdwardFlagg_Figure4.pdf – The PL images of the neutral QD as shown in figure RPLEneutral_EdwardFlagg_Figure2 when it is excited at the wavelength as labeled by the blue boxes. 
  – RPLEframecharged_EdwardFlagg_Figure5.pdf – The PL images of the charged QD as shown in figure RPLEneutral_EdwardFlagg_Figure3 when it is excited at the wavelength as labeled by the blue boxes. 
– Correlation_EdwardFlagg_Figure6.pdf – The second order correlation function of a neutral QD under resonant excitation. 
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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