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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? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 3.1 with Chris’s webpages will be quite useful; 4.3 with the various equations will be helpful; and 5.2 with the different limits will be critical. Most of the procedure involves writing and running software, which is very difficult to film, we know.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The understanding of the new physics model and its dominant processes is quite difficult.  We try to include a broad scan of parameter space in order to get a good view of what the new physics model allows and what is practically most common.
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.  
Procedural Narrative:
The overall goal of this procedure is to apply existing limits on simplified models to complete new physics models. (Intro)

This is accomplished by first deconstructing the new physics model into its constituent processes and modes. (P1)
The second step is to compile a list of simplified models that cover the processes in the new physics model. (P2)
Next, the kinematics of the chosen simplified models must be validated against the kinematics of a full point to ensure complete coverage. (P3)
The final step is converting existing limits on those simplified models into limits on the new physics model. (P4)
Ultimately, the estimated limits using simplified models are used to show that approximate limits can be obtained without dedicated Monte Carlo studies. (P5)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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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)

1.1. Author name Zach: The main advantage of this technique over existing methods is that no detector simulation need be run or validated in order to obtain a useful limit.   The method gives theorists a new way to use experimental results.
1.2. Author name Chris: Individuals new to beyond standard model physics generally struggle with the apparent complexity of the new physics models. However, with this method we are able to almost fully reproduce the kinematics of the complete model with only a small number of simplified models – which makes life a lot easier. 
Protocol (read by voice talent at JoVE):
Do not record voiceover until script is finalized
2. Model Deconstruction
2.1. The first step in exploring minimal supergravity, studied in this video, or any new physics model, is to generate proton-proton collision events covering a plane in its parameter space. To do this, use a collection of software that produces events with parton showers and incorporates a hadronization model. (TEXT: Images produced by MadGraph.  See manuscript for other software details.) Pass the events through the Pretty Good Simulation, PGS, (TEXT: PGS–Pretty Good Simulation) software package with a Large Hadron Collider detector parameter card and extract final-state objects. 

2.1.1. WIDE: Talent arriving at computer, sitting down to work.  

2.1.2. SCREEN or LAB MEDIA: MadGraph images showing processes.  Please provide several images.  (Video editor:  Use the multiple images to show ongoing process generation) We have provided about 20 images for you to work from, and we can provide more if necessary.
2.1.3. MED: Talent working at computer.  If screen is visible, on-screen images should be relevant to this step.  

2.1.4. SCREEN or LAB MEDIA: (Authors:  What images can illustrate the extraction of final-state objects?) We propose you show two publicly available event displays, one from ATLAS and one from CMS (also available online at http://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS13011?skin=drupal and http://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayCONFnotes#Further_search_for_supersymmetry ) and highlight the final-state objects that are interesting.  Both of these displays show jets , electrons and muons , and missing transverse momentum (the last is usually just a dotted arrow).  These can be graphically highlighted, or simply circled.  Those names can be used in the voice-over, e.g. “extract final state objects including jets, leptons, and missing transverse momentum” (electrons and muons are examples of leptons).
2.2. Next, use the PGS event results and the generator event record to classify sparticle (Voice talent: sparticle is correct) production and decay modes.  Keep track of all particle masses, production mechanisms, decay chains, and their respective counts and use these to calculate branching fractions.  Calculate the best production cross-sections for the model of interest. 

2.2.1. MED: Talent working at computer.  Shoot broll of talent working at computer, about one minute.

2.2.2. LAB MEDIA: Authors: Please provide an image to illustrate classification of sparticle production and decay modes or the calculation of branching fractions. The simplest illustration of sparticle production classification is to show the MadGraph screen shots again and to highlight the outgoing particles, labeled “go” (for gluino) or “ul” and “ul~” (two examples of squarks) . We can provide similar images for showing decay modes, if desired.
2.2.3. LAB MEDIA: Authors:  Please provide an example of “best production cross-sections”  For each model, this will vary, but for Supersymmetry the most famous example is simply the plot we’ve included, from the Prospino website at http://www.thphys.uni-heidelberg.de/~plehn/index.php?show=prospino&visible=tools
3. Model Reconstruction
3.1. Start model reconstruction by selecting a point in the parameter space of the new physics model, the m0–m1/2 plane in minimal supergravity.  Determine the production modes for this point and note the important ones. For the same point in parameter space, determine the important decay modes.  
3.1.1. LAB MEDIA: (Authors: Please provide an image of the m0–m1/2 plane with the point you will be exploring in the subsequent steps identified with a dot and with intersecting horizontal and vertical lines drawn from the parameter values on the axes)  (Video editor: Please highlight the lines that identify the point of intersection.)

3.1.2. LAB MEDIA:  (Authors:  Please provide the histograms associated with the production modes. Also provide an image with the important modes highlighted.) (Video editor:  Please start with the previous image and move it/shrink it so that it can be displayed with another image.  Place the image of the histogram without highlighting in the foreground.  On “note the important ones”, use the provided image that includes the highlighted, or use the information in the figure to highlight the original histogram.)

3.1.3. LAB MEDIA: (Authors:  Please provide the histograms associated with the decay modes. Also provide an image with the important modes highlighted.) (Video editor:  Keep the small image from 3.1.1 in place and replace the image from 3.1.2 with the image provided for this shot. Please show just the highlighted modes in a manner consistent with the previous shot.)
3.2. Scan parameter space and repeat these steps until there is a dictionary of simplified models that cover at least 50% of the open production and decay modes of the new physics model. Next, begin testing the quality of the simplified model.  Choose a representative point of the new physics model and construct the relevant simplified model there using the appropriate masses.  Repeat this for several points, resulting in several simplified models.

3.2.1. LAB MEDIA: (Authors: Provide a list [.eps file preferred] of the important production and decay modes found during a scan of parameter space)(Video editor: The list may have to be made into a TEXT screen)
3.2.2. LAB MEDIA: (Authors: Provide an image of the chosen representative point identified in the plane. ) (Video editor: Please show this during “Choose a representative...model” with the point in the plane hightlighted)
3.2.3. LAB MEDIA: (Authors: Provide an image corresponding to the relevant simplified model.) (Video editor:  Shrink and move previous image to keep it visible while displaying this image as the focus of attention.  Overlap is possible.)
3.3. Begin with one simplified model and weight it with a factor that is proportional to its production fraction times its branching fraction.  Next add a second weighted model to the first.  Continue to do the same for each of the other models to form sum over all the models.  (TEXT: The sum of the weights is normalized to unity)
3.3.1. LAB MEDIA: Authors: Provide a plot associated with weighted first model We have put together a few options for you.
3.3.2. LAB MEDIA: Authors: Provide a plot for the weighted second model.  Please choose a different color than that used for the first model.    (Video editor:  Please keep the image from 3.3.1 on screen and moved to the left so the new image can be shown next to it on the right with a plus (+) sign between them.  This and the next shot are associated with the second line of the narration.)
3.3.3. LAB MEDIA: Authors: Please provide a plot of the sum of the first and second weighted models.  Identify the components of the sum using the colors of the weighted models and provide a key.  (Video editor:  Remove the images from 3.3.1 and 3.3.2 and the plus sign.  Display the new image.)

3.3.4. LAB MEDIA: Authors: Provide a plot of a third weighted model in a third color.  Also provide a plot of the sum of the three models with the contributions identified by color.  (Video editor:  During the third sentence, please put the image of the weighted model [in the single color] to the right of the image from 3.3.3 with a plus sign between them.  Then replace the images and the plus sign with the weighted sum [in three colors])
3.4. Next, calculate the kinematic distributions for the representative points of minimal supergravity using the event generation procedure and compare it with those of the combined simplified model.  If the kinematics differ by more than 30%, include additional simplified models to improve coverage. (TEXT: See manuscript for details)

3.4.1. MED: Talent working at computer from broll of shot 2.2.1. (Video editor:  This is an  otional shot)
3.4.2. LAB MEDIA: Comparison of kinematics between minimal supergravity and the combined simplified models
4. Limit Construction  (Authors:  Please describe the step-by-step procedure you follow to probe the model.  These steps should be visualizable.  Below is one attempt.) (Editors: the only real variation from what you proposed was that the limits are an “or” – philosophically different – which I hope now comes across)
4.1. For the most conservative limit, begin limit construction by considering the expression for the expected number of events, shown here.  (TEXT: Manuscript equation 1.  See manuscript for explanation) Obtain the relevant products of acceptance and efficiency.  Choose a parameter space point and use this equation to test the new physics model behavior when no assumptions are made about events not explicitly included in the simplified model. (TEXT: Work is done at the 95% confidence level)

4.1.1. LAB MEDIA:  Authors: Provide equation 1 of the manuscript in an eps file using a large font.  There should be a key to explain the different factors, not a caption. (Video editor:  During “Obtain the relevant...efficiency”, please highlight the factor Awith subscript] in the equation)

4.1.2. LAB MEDIA: Authors: Provide an image relevant to testing of model with manuscript equation 1.
4.2. To obtain a more realistic limit for the same parameter space point, test the new physics model under the assumption that the efficiency for identifying is not significantly different from that of pair production.

4.2.1. LAB MEDIA: Authors: Provide manuscript equation 3 in an eps file, as for equation 1.
4.2.2. LAB MEDIA:  Authors: Provide an image relevant to testing with manuscript equation 3.
4.3. For a more aggressive limit, test the parameter space point with the assumption that the production modes not represented by explicitly included simplified models are comparable to this that are included.

4.3.1. LAB MEDIA: Authors: Provide manuscript equation 4 in an eps file, as for equation 1.
4.3.2. LAB MEDIA:  Authors: Provide an image relevant to testing with manuscript equation 4.
4.4. To obtain the most aggressive feasible limit, add the assumption that the decay modes not represented by the explicitly included simplified models are comparable to those that are also comparable to those that are included.

4.4.1. LAB MEDIA: Authors: Provide manuscript equation 5 in an eps file, as for equation 1.
4.4.2. LAB MEDIA:  Authors: Provide an image relevant to testing with manuscript equation 5.
4.5. Assuming no information on correlations, use the limit set by the signal region with the best expected performance.  (TEXT: When available, properly combine regions using correlation data.)  Finally, determine the range in which the experimental exclusion should lie using the kinematics comparison and the spread of the exclusion contours.  

4.5.1. LAB MEDIA:  Authors: Please suggest images for these steps. We have provided some publicly available images from the ATLAS and CMS collaborations ( https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CombinedSummaryPlots#SusyGttSummary and https://twiki.cern.ch/twiki/bin/view/CMSPublic/SUSYSMSSummaryPlots8TeV?skin=drupal ) showing several different signal regions (the different colors on these plots) with different expected performances.  The most obvious way to show this step is to simply show these images.  The nice, but slightly more difficult way to show this step is to show these images with an animated point scanning across them, highlighting the signal region with the strongest limit at each point).
5. Results: Comparing Exclusion Limits for Minimal Supergravity Models and ATLAS Zero-lepton Search Regions
5.1. This plot shows the combined zero-lepton exclusion limits for minimal supergravity models with a ratio of Higgs vacuum expectation values of 10, a trilinear coupling of zero, and a positive mass parameter.  The combined limits are obtained by using the signal region which generates the best expected limit at each point in the parameter space. (TEXT:  See ATLAS Collaboration, Phys. Lett. B. 710, 67-85)  The dashed blue line shows the expected 95% confidence level limit.  No systematic uncertainties are taken into account.  The solid red line is the observed limit. Results from previous searches, with different parameter choices, are also shown. (Fig 9 left) 

5.1.1. LAB MEDIA:  (Authors: Please provide the two panels of Figure 9 separately.  This should be the left panel.) (Video editor: During the first sentence, please highlight the text in the upper left hand corner [mSUGRA: tan= 10, A0=0, 0] when “...minimal supergravity....positive mass parameter” is voiced [the last part of the sentence]. Point to the dashed blue line during the third sentence.  Point to the solid red line during the fifth sentence.  In some way highlight the colored regions at the bottom of the figure during the last line.

5.2. Here are the exclusion limits obtained using only simplified models for each of the successively more aggressive assumptions made in the analysis.  The limits are labeled by their manuscript equation number.  To make a comparison with the ATLAS experiment, the product of the acceptance ratio and the efficiency is interpolated.  The most conservative exclusion limit follows the “correct” limit well in regions that are well covered by the simplified models.  The most aggressive limit overestimates exclusion by up to 40 GeV in the squark dominated region, and up to 100 GeV in the gluino dominated region.  Note that for the small number of simplified models used, the conservative limits set are close to the “correct” result.
5.2.1. LAB MEDIA:  (Authors: Please provide the two panels of Figure 9 separately.  This should be the right panel.) (Video editor: Please put the previous image in the background and the new image in the foreground.  Highlight the key in the upper right hand corner during “...for each of the successively...analysis.”  During the second sentence highlight the equation numbers of the key [(Eq. 1), (Eq. 2), etc].  At the start of the fourth sentence put the two images side-by-side.  
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
6. Conclusion (said by authors on camera)
6.1. Author name Chris: While attempting this procedure, it’s important to remember exactly what assumptions are being made about the modeling of final states, and whether those assumptions are physical and valid.

6.2. Author name Zach: After watching this video, you should have a good understanding of how to use existing experimental limits to set a limit on any new physics model. 
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.

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.  

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, as well as an introduction to your videographer, closer to your filming date.
 2012, Journal of Visualized Experiments


