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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  Y
Can you record movies/images using your own microscope camera? (Y/N) Y 

2. Does your protocol include software usage? (Y/N) 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot.  
2.3.1, 2.6.1, 3.3.1, 5.3.1, 6.5.1, 7.3.1

4. 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.  
2.6.1, 3.3.1

5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? Filming will take place in two locations of the Physicum building some 100 meters apart on the same floor.


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

1. REQUIRED Interview Statements: 

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

1.1. Prof. Karri Muinonen: The methods in this protocol can help solve the open computational problem of light scattering by planetary regoliths, densely-packed layers of particles on the surfaces of asteroids, cometary nuclei, and other solar system objects.  


What is the main advantage of this technique?

1.2. Prof. Edward Haeggström: To validate the computations, we introduce unique non-contact and non-destructive measurements based on ultrasonic sample levitation, with full control on sample position and orientation. 


OPTIONAL Interview Statements:  

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. Dr. Antti Penttilä: Here, we apply validated computational methods to interpret observations of asteroid (4) Vesta and comet 67P/Churyumov-Gerasimenko.

Are there any specific areas of research that this method could provide insight into? 

Can this method be applied to any other systems?

1.4. Dr. Maria Gritsevich: The computational and experimental methods are universal and can be applied, for example, in terrestrial remote sensing, nanoscale material sciences, and biomedical optics.

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Dr. Ari Salmi: Utilizing these experimental and computational methods requires patience. However, the effort pays off due to the absolute and quantitative nature of the results.


Why is visual demonstration of this method critical?

1.6. Dr. Ivan Kassamakov: Visual demonstration of the methods is critical. The experimental part shown in this video combines state-of-the-art techniques in both optics and acoustics.


Introduction of Demonstrator: 

1.7. [bookmark: _GoBack]Prof. Karri Muinonen: Demonstrating the procedure will be Dr. Antti Penttilä, Ms. Julia Martikainen, Mr. Petteri Helander, Mr. Göran Maconi, and Mr. Timo Väisänen. 

1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.






Section - Protocol
2. Light Scattering Measurement
2.1. To begin, set up the scatterometer by turning on the light source, photo-multiplier tubes, and amplifiers. Allow the system to stabilize for 30 minutes.[1]
2.1.1. Talent turns on the items in the order listed
2.2. Next, set up the acoustic sample levitator by inserting the microphone in the center of the levitator and running the calibration script. [1]
2.2.1. Talent calibrates the levitator by inserting the microphone in the center of the levitator and running the calibration script. 
2.3. Then, make a measurement sweep with an empty levitator. The sweep reveals any signals generated by ambient light, reflections from the surroundings, or electrical noises. [1-2] 
2.3.1.  Added Shot: Talent rotates the measurement stage. NOTE: Authors numbered the new shot 2.3.1. but they’re not sure if the videographer numbered it the same way. 
2.3.2. (formerly 2.3.1) Talent makes a measurement sweep with an empty levitator.
2.4. Once set up, use an acoustically transparent mesh spoon to inject the sample into the acoustic levitator.[1]
2.4.1. Talent picks up sample with spoon and injects it into the levitator
2.5. Using a video camera and high magnification optics, inspect the orientation and the stability of the sample before and after the scattering measurements.[1]
2.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. 
2.6. Mr. Petteri Helander: The strength and asymmetry of the acoustic trap are optimized for maximum sample stability. Consequently, acoustic power is set as low as practically possible.[1]
2.6.1. INTERVIEW: Author says the above statement interview style
2.7. If the sample is asymmetric, rotate it around the vertical axis to gain information about its shape. Perform the rotation by slowly changing the alignment of the acoustic trap. While imaging, apply additional illumination to improve the image quality.[1]
2.7.1. SCREEN: To be provided by the authors – Screen capture video as talent rotates an asymmetric sample and images it with extra light. Authors, please upload this screen capture to your project page.  
2.8. Next, close the measurement chamber to block out external light.[1]   
2.8.1. Talent closes the chamber manually
2.9. Using the computer interface, select the orientation of the sample, as well as the angular resolution and range of the measurement. The incoming and the scattered light are filtered by linear polarizers, which are motorized.[1]
2.9.1. SCREEN: To be provided by the authors – Screen capture video as talent selects the orientation of the sample, the angular res, and the range of measurement. Authors, please upload this screen capture to your project page. 
2.10. Run the automated measurement sweep.  This will measure four points for each angle with polarizer orientations of (horizontal, horizontal), (horizontal, vertical), (vertical, vertical), and (vertical, horizontal). [1]
2.10.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.  
2.11. Recover the sample after the measurement by switching off the acoustic field and letting the sample fall on the acoustically transparent fabric. [1]  Then, execute another measurement sweep with empty levitator to detect any possible drifting due to the ambient light conditions.[2]
2.11.1. SCREEN: To be provided by the authors – Screen capture video as talent turns off the acoustic field and the sample drops. Authors, please upload this screen capture to your project page.  
2.11.2. SCREEN: To be provided by the authors – Screen capture video as talent executes a measurement sweep with no sample. Authors, please upload this screen capture to your project page.  
2.12. When finished, save the data. Analyze the data to calculate Mueller matrix elements for each angle through linear combination of intensities at different polarizations.[1]  
2.12.1. SCREEN: To be provided by the authors – Screen capture video as talent saves the data and then opens it in the analysis software to calculate the Mueller matrix elements. Authors, please upload this screen capture to your project page.  
3. Modeling the mm-sized Densely-packed Spherical Media Consisting of Spherical Particles
3.1. To begin modeling, use SSH access to connect into the CSC – IT Center for Science Limited’s cluster, Taito.  Download and compile all of the required programs which are preconfigured for Taito by running bash compile.sh.[1]
3.1.1. SCREEN: To be provided by the authors – Screen capture video as talent locates and downloads the described programs Authors, please upload this screen capture to your project page.  
3.2. Next, open the text editor nano and set up the parameters for a single scatterer, volume element, and the studied sample to match the studied sample by modifying the file P-A-R-A-M-S.[1]  
3.2.1. SCREEN: To be provided by the authors – Screen capture video as talent opens the text editor and sets up the described parameters Authors, please upload this screen capture to your project page.  
3.3. Then, run pipeline by executing a command bash run.sh...  When finished, write the full Mueller matrix of the sample into the temp folder as final.out.[1]  
3.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.  
4. Modelling the Reflectance Spectrum of Vesta.
4.1. Utilize SIRIS4 to compute the scattering properties of howardite particles by first moving the siris4 executable file into the same folder with the input-file and p-matrix-file.  Then, copy the input_1.in and pmatrix_1.in from the test-folder. [1-TXT]
4.1.1. SCREEN: To be provided by the authors – Screen capture video as talent moves the described files in the order listed Authors, please upload this screen capture to your project page. TEXT: See text protocol for details on the Siris4 executable file
4.2. In input_1.in, set the number of rays to 2 million, the number of sample particles to 1000, the standard deviation of radius to 0.17, and the power-law index of the correlation function to 3. Then, set the real part of the refractive index to 1.8 and use the imaginary part of the refractive index n as described in the text protocol. [1]  
4.2.1. SCREEN: To be provided by the authors – Screen capture video as talent sets the parameters in the order listed. Authors, please upload this screen capture to your project page.  
4.3. Next, run SIRIS4 by executing the command shown here for each wavelength from 0.4 to 2.5 microns using a size range of 10 to 200 microns in diameter with a sampling step of 10 microns. [1-TXT]
4.3.1. SCREEN: To be provided by the authors – Screen capture video as talent sets the size and step parameters and executed the command. Authors, please upload this screen capture to your project page. TEXT: Command: ../siris4 input_1.in pmatrix_1.in pmatrix_1.in
4.4. Next, save each computed scattering phase matrix P into a pmatrix_x.in file.  The x in the file name describes the wavelength number and ranges from 1 to 43 for each particles size. The file will contain the scattering angles, P11, P12, P22, P33, P34, and P44 elements for one wavelength and particle size. [1]  (Voice Talent: pronounce P11 as P-one-one and others following the same pattern) 
4.4.1. SCREEN: To be provided by the authors – Screen capture video as talent saves the data as described and views the file to show the various components. Authors, please upload this screen capture to your project page.  
4.5. Average the obtained scattering matrices, single-scattering albedos, and mean-free paths over a power-law size distribution with an index of 3.2.[1]
4.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
5. Computing the Final Spectrum of Vesta by Utilizing SIRIS4
5.1. Use diffuse scatterers inside a Vesta-sized volume with a refractive index of 1. In the input-file, use the averaged single-scattering albedos and mean free path lengths for internal scatterers. [1]
5.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. 
5.2. Next, run SIRIS4 at each wavelength by executing the command shown here, where X is the wavelength. The code reads the averaged scattering matrices as its input for the internal diffuse scatterers. [1-TXT]
5.2.1. SCREEN: To be provided by the authors – Screen capture video as talent runs the command and shows the output Authors, please upload this screen capture to your project page. TEXT: Command: ./siris4 input.in pmatrix_X.in pmatrix_X.in
5.3. Scale Vesta’s observed spectra to a geometric albedo value of 0.42327 at 0.55 microns. To get to 17.4 degrees, apply a factor of 0.491 on the scaled spectra. Compare both the modelled and the observed spectra across the whole wavelength range. [1]
5.3.1. SCREEN: To be provided by the authors – Screen capture video as talent scales the observed spectra in the order described and compare the modelled and observed specta. Authors, please upload this screen capture to your project page. 
6. Radiative Transfer with Coherent Backscattering Computations
6.1. Start by downloading the sources files with git and move the files into the downloaded directory cd protocol4b. [1-TXT]
6.1.1. SCREEN: To be provided by the authors – Screen capture video as talent downloads and moves the files Authors, please upload this screen capture to your project page. TEXT: git clone git@bitbucket.org:planetarysystemresearch/protocol4b.git protocol4b 
6.2. Next, download and compile all of the required programs by running bash compile.sh. [1]
6.2.1. SCREEN: To be provided by the authors – Screen capture video as talent opens the downloads and begins to compile a program Authors, please upload this screen capture to your project page. 
6.3. When ready, copy the averaged input scattering matrix as well as the amplitude scattering matrix into the current working directory. [1]   
6.3.1. SCREEN: To be provided by the authors – Screen capture video as talent copies the described files to the proper directory Authors, please upload this screen capture to your project page. 
6.4. Next, open the text editor, nano, and modify the file PARAMS to set the desired parameters. [1]
6.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. 
6.5. Run the pipeline by executing bash run.sh.  Then, write the full Mueller matrix into the temp folder as rtcb.out. [1]
6.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. 

7. Computing Scattering Properties of the Nucleus for Comet 67P/Churyumov-Gerasimenko
7.1. Start in MATLAB and run the averaging routine powerlaw_ave.m to average the results over the power-law size distribution of index -3 after calculating the coma phase functions from the SIRIS4 solver. The expected routine outputs are pmatrix2.in, albedo and the mean free path. [1]
7.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed and displays the output files Authors, please upload this screen capture to your project page. 
7.2. Next, set the results from the outputs albedo and the mean free path into the input.in file.  [1]
7.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above step Authors, please upload this screen capture to your project page. 
7.3. Set the size to 1 billion, and the correlation length to 2.5. Then, run SIRIS4 using the command line shown here to obtain the nucleus phase function. [1-TXT} 
7.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. TEXT:./siris4 input.in pmatrix2.in





Section – Results
8. Results:  Scattering and Absorption of Light in Planetary Regoliths
8.1. With SIRIS4, the scattering properties of 100,000 aggregates were solved and averaged. These results are plotted here showing the experimental measurements, and an additional simulation without the effective medium.[1]
8.1.1. LABMEDIA: Figures 4,5, and 6 - Video Editor: Label the images “Phase function”, “Degree of linear polarization”, and “Depolarization” respectively
8.2. Both choices for the particle distribution produce a match to the measured phase function, [1] although they result in different polarization characteristics. [2] These differences can be used to identify the underlying distribution of the particles in the sample.
8.2.1. LABMEDIA: Figure 4 - Video Editor: Highlight the yellow line and black Measured data points
8.2.2. LABMEDIA: Figure 5 - Video Editor: Highlight the yellow line and black Measured data points
8.3. The best choice is to use the truncated normal distribution instead of the equisized particles. If only normalized phase functions are used, the underlying distributions give indistinguishable results. [1]  
8.3.1. LABMEDIA: Figure 5 - Video Editor: Highlight the similar shapes of the blue and yellow curves from zero phase angle all the way to 140 degree phase angle.
8.4. For the depolarization, the numerical results have features similar to the measured curve, but the functions are shifted by 10° to the backscattering direction. [1]
8.4.1. LABMEDIA: Figure 6
8.5. The differences in the polarization indicate that the sample has presumably a  more complex structure than the homogenous model. It is, however, beyond the existing microscopic methods for sample characterization to retrieve the true structure of the aggregate.[1] 
8.5.1. LABMEDIA: Figure 5 - Video Editor: Highlight the phase angle range 100-170 degrees and there the red and blue curves and the black data points.
8.6. Here, the photometric phase curve has been accompanied with a linear dependence on the magnitude, mimicking the effect of shadowing in a densely-packed, high-albedo regolith. [1]
8.6.1. LABMEDIA: Figure 10 - Video Editor: Highlight the left graph
8.7. The model successfully explains the observed photometric and polarimetric phase curves and offers a realistic prediction for the maximum polarization. It is striking how the minute fraction of the small-particle population is capable of completing the explanation of the phase curves.[1]
8.7.1. LABMEDIA: Figure 11 






















Section - Conclusion
9. Conclusion Interview Statements:  
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.
9.1. Prof. Karri Muinonen: When performing this experiment, the ultrasonic sample levitation is the key to successful scattering measurements. In the computational part, the incoherent treatment of scattering within the medium of particles is  essential.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
9.2. Prof. Edward Haeggström: In the future, we plan to extend the experimental methods to both larger and smaller levitating samples, reaching into centimeter and micrometer scales.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
9.3. Dr. Maria Gritsevich: We are currently developing ways to utilize full ultrasonic sample control in microscopes.
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
9.4. Dr. Ivan Kassamakov: Take appropriate precautions when performing this protocol as powerful ultrasound and light sources are utilized in these measurements.  
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