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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_____1,3,5,6,7,9,10,11_____________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _cleavage of the sample / glue the sample and top-post with care__________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Conceptual Narrative:

The overall goal of the following experiment is to determine the low-energy electronic structure of solids at ultra-low temperatures using Angle-Resolved Photoemission Spectroscopy, or ARPES, (pronounced "R-Pez") with synchrotron radiation. (Intro)

In the synchrotron radiation facility’s ultra-high vacuum chamber attached to the beamline, a single crystal of the studied material,is cleaved, exposing an atomically clean surface. (C1: JOVE_27_06_2012.wmv: 0:00:00 through 0:00:25)

As a second step, the sample is cooled below 1K, which ensures minimal temperature broadening and proximity to the ground state of the material.  (C2: JOVE_27_06_2012.wmv: 0:00:25 through 0:00:31)

Next, the photoemission intensity is recorded as a function of tilt angle and energy in static geometry. By rotating the sample, information can be collected from a large portion of momentum-energy space needed to obtain the Fermi surface map and dispersions close to the Fermi level. (C3: JOVE_27_06_2012.wmv: 0:00:31 through 0:00:40)

Results are obtained that show that low-energy electronic structure of complex materials can be determined with unprecedented clarity and resolution using the He3 (pronounced “Helium three”) cryomanipulator and synchrotron-based ARPES. (C4: JOVE_27_06_2012.wmv: 0:00:41 to the end)

I have attached the pptx file (JOVE_27_06_12) with animations which illustrate the steps above. The corresponding wmv movie file (same name as above) with approximate timeline, which could be adjusted in PowerPoint is also attached. The meaning of tilt and polar angles are explained in this presentation.

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

Authors: I trimmed the text in this section as it can be difficult for non-professional actors to say long statements on camera. Please feel free to edit these statements as you wish, but please try not to increase the length.

1.1. Author name Sergey Borisenko: Angle Resolved Photoemission Spectroscopy, or ARPES, is a technique based on the photoelectric effect.  We use it to determine electronic structure by minimizing uncertainties in photon energy and photoelectron kinetic energy, and by working at low temperature.  Because the energy uncertainties are each of order 1 meV, and the temperature is below 1 K, we call our system "1-cubed."

1.2. Author name Volodymyr Zabolotnyy: We use a specially designed helium-3 cryomanipulator which provides free access for the incoming light and the outgoing electrons.  The design specifications for our helium-3 system make it the most powerful worldwide.  With it, one can view a surface at 1 kelvin through a room temperature window.

1.3. Author name Daniil Evtushinsky: With our method and set-up, we can help answer key questions in the field of strongly correlated systems.  In particular, for low-temperature superconductivity we can determine the symmetry and structure of the order parameter to find what drives this phenomenon.  

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Mounting the Sample

2.1. This experiment uses synchrotron radiation produced by the BESSY storage ring of Helmholtz-Zentrum Berlin.  The photons travel a beamline to our end-station where a sample is mounted.  

2.1.1. B-Roll or LAB MEDIA: Overview of BESSY and shot of experimental hall. [Videographer: If possible, get some overview shots of the facility for this section]

2.1.2. B-Roll or LAB MEDIA: Shot of beamline and end-station.

2.2. Begin with a single crystal of the material to be investigated, here strontium ruthenate.  Use silver-based epoxy to glue the sample to the sample holder.  The silver-based epoxy ensures good thermal and electrical contact. 

2.2.1. MED over the shoulder: talent at bench with materials.

2.2.2. ECU: sample of strontium ruthenate. Ideally provide a sense of scale.

2.2.3. MED: talent gluing sample to sample holder.

2.3. Glue an aluminum top-post to the surface of the single-crystal.  The top-post will be used to cleave the sample in ultra-high vacuum to expose an atomically clean surface. 

2.3.1. CU: talent glues aluminum top post 

2.3.2. ECU: final product

2.4. Mount the sample holder in the load lock. 

2.4.1. MED over the shoulder: talent mounting the sample in the sample holder

2.4.2. -deleted-

3.  Achieving Ultra-high Vacuum and Thermal Isolation

3.1. Begin evacuating the load lock to minimize contamination of the ultra-high vacuum chamber. 

3.1.1. -deleted-

3.1.2. CU:  Talent starting the pump system.

3.1.3. MED: Chamber with probe while vacuum pump is working

3.2. Monitor the pressure.  Once a pressure of about 10-8 mbar has been achieved, transfer the assembly to the preparation chamber, and subsequently to the main chamber. 

3.2.1. MED: talent monitoring pressure readout.

3.2.2. CU: Shot of pressure readout at approximately 10-8 mbar.

3.2.3. MED/WIDE: talent transfers the assembly to the preparation chamber and then the main chamber.  

3.2.4. Added shot: CU Sample in Preparation Chamber Video Editor: It looks like the added shots 3.2.4 and 3.2.5 can be 1) alternated with 3.2.3 or 2) split screen or 3) used to replace 3.2.3)

3.2.5. Added shot: WIDE: talent puts sample in main chamber 

3.3. The cold finger and sample holder have been specially designed to guarantee the best possible thermal contact with the helium pot. These demonstration versions show how this is achieved by using conical surfaces to increase the area of contact.   The conical surfaces are pressed against one another and the sample holder and cold finger are firmly fixed in place using a titanium nut and bolt.

3.3.1. CU: Talent puts the sample holder and cold finger together to show fit. 

3.4. The transfer system has been designed to minimize thermal contact with the assembly. As seen in this demonstration unit, this is accomplished by using a thin titanium tube with multiple openings as the main carrying element of the assembly at the end of the transfer arm.  A spring-activated screwdriver inside the assembly is used to adjust the angular position of the sample.

3.4.1. -deleted-CU: Show the demonstration copy of the transfer system.

3.4.2. ECU: Titanium tube

3.4.3. CU: Operation of  transfer arm and screwdriver.

4. Positioning and Cooling the Sample 

4.1. The next step is to orient the sample within the cold finger along the azimuth using the transfer arm.  Fix the position of the sample by tightening the nut while applying a counterforce with the supporting arm attached to the opposite side of the chamber. 

4.1.1. MED: Talent back at experiment apparatus manipulating real transfer arm and cold finger.

4.1.2. CU: sample being oriented. USE 3.4.3
4.1.3. MED: talent securing sample. 

4.2. Cleave the sample by moving the manipulator upwards so that the top-post is removed by interaction with the supporting arm. 

4.2.1. CU: sample being cleaved in chamber with shot through chamber window.

4.3. With the beam shutter closed, move the sample into position in the beamline using the manipulator.  Once the sample is in place, make sure the cryoshields are closed properly. 

4.3.1. CU: talent interacting with controls to ensure beamline is closed and beginning to move the sample into position.

4.3.2. CU: Show sample being moved into position in the beamline through the chamber window.

4.3.3. CU: Talent ensures that shields are closed 

4.4. Start pumping on the 1-K pot and circulate the helium-3 gas in order to cool the sample to the base temperature.  

4.4.1. MED: Show talent starting the pump and circulation system.

4.4.2. Added shot: CU: Display showing the temperature

4.5. Open the beam shutter of the beamline.  Use the micrometer screws on the apparatus to adjust the position of the sample so that it is at the focus of the analyzer lens. This adjustment is crucial.

4.5.1. MED over shoulder: talent opening beamline shutter and start adjusting position.

4.5.2. MED : Show adjustment of sample position. 

5. Collecting Data

5.1. Once the setup is ready, switch to the angle-resolved mode of the analyzer and record the spectrum in swept mode.  This will generate data for two-dimensional energy-angle plots. 

5.1.1. MED over shoulder: talent at controls of experiment.

5.1.2. LAB MEDIA: Show Figure 4 (or parts of it) as an example of energy-angle plots.

5.2. Construct a Fermi surface map using the data.  Select polar angles that correspond to Fermi level crossings for study of the superconducting gap of strontium ruthenate. 

5.2.1. SCREEN: Show creation of Fermi surface map. (Optional shot;  Skip if this is too time consuming.)

5.2.2. LAB MEDIA: Show final result from left panel of Figure 5.

5.3. Record high-resolution spectra at the chosen polar angles above and below the superconducting transition temperature of strontium ruthenate to investigate the behavior of the superconducting gap.

5.3.1. B-ROLL: researchers performing experiment.

6. Results: High Resolution Electronic Structure of Crystals 

6.1. Shown here is the photoelectron intensity as a function of tilt angle and energy for a sample of ZrTe3 (pronounced “zirconium three telluride”). Compare this with the theoretical band structure calculation for the same material. 

6.1.1. LAB MEDIA: Figure 2.

6.2. A standard test for energy resolution is to measure the full width at half maximum of the Gaussian which, when convoluted with the step function, describes the Fermi edge.  The Gaussian full width at half maximum used to fit this data for freshly evaporated Indium is of order 2 meV. 

6.2.1. LAB MEDIA: Figure 3, left.

6.3. Here is a plot of the energy distribution curve in a superconducting sample of LiFeAs (pronounced “lithium iron arsenide”) taken with the system.

6.3.1. LAB MEDIA: Figure 3, middle.

6.4. As another example of the resolution that can be achieved, here is the momentum distribution curve at the Fermi level of ZrTe3 (pronounced “zirconium three telluride”).

6.4.1. LAB MEDIA: Figure 3, right.

6.5. The anticipated overall energy resolution of the system is expressed by the formula shown here.  The actual performance is very close to this goal.

6.5.1. LAB MEDIA: Figure 3, formula.

6.6. On the left is a typical spectrum taken to study the superconducting gap of strontium ruthenate for T=970 mK.  The arrow indicates the momentum corresponding to the energy distribution curve on the right. 

6.6.1. LAB MEDIA: Figure 6a, b.

6.7. The image on the right shows the shift of the leading edge of the integrated energy distribution curve for a sample of strontium ruthenate above (at 3 K, in red), and below (at 1 K, in blue) the superconducting transition temperature.  The spectrum used for the calculation is shown on the left.  The momentum window is indicated by the width of the red arrow. The gap corresponds to a Fermi surface point on the band near the Brillouin (a French name: listen to the pronunciation at  http://www.pronounceitright.com/pronounce/5636/leon-brillouin) zone diagonal.

6.7.1. LAB MEDIA: Figure 6c, d.

6.8. As another example, here is the shift of the energy distribution curve as a function of temperature from another point on the Fermi surface of strontium ruthenate. 

6.8.1. LAB MEDIA: Figure 6e.

6.9. Finally, the system allows measurement of the typical temperature behavior of the binding energy of the leading edge in the vicinity of the crossing of two Fermi surfaces. 

6.9.1. LAB MEDIA: Figure 6f.

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
7. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

7.1. Author name Daniil Evtushinsky: Once mastered, this technique can be done in approximately 8 hours if it is performed properly, i.e. within the typical shift of the synchrotron operation.

7.2. Author name Volodymyr Zabolotnyy: While attempting this procedure, it’s important to remember to follow the described steps with a very high degree of precaution. Losing the sample during transfer, unsuccessful cleavage because of incorrect sample preparation or poor adjustment could lead to failure of the whole experiment.

7.3. Author name Sergey Borisenko: This technique delivers information about the electronic structure of a solid or a nano-object with a new level of precision.  The data generated can be used to help characterize correlations, interactions, and symmetries in these systems. These experiments can provide critical tests of existing theories and stimulate new paths of inquiry.

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, 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.  

JOVE_27_06_2012.pptx

JOVE_27_06_2012.wmv

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, as well as an introduction to your videographer, closer to your filming date.

 2012, Journal of Visualized Experiments


