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Author Questionnaire 

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

2. Software: Does the part of your protocol being filmed demonstrate software usage?  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. Please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

 

Introduction	Comment by Bridget Colvin: Authors: Each author is limited to a maximum of two statements.

1. Introductory Interview Statements

REQUIRED: 
1.1. Trevor Clark: This method can be used to obtain unique insights that are critical for answering questions about the fundamental mechanisms underlying the changes that occur in radiation-exposed materials [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: 

1.2. Christopher Barr: This technique allows the real time observation of material responses to environments with extreme radiation, temperature, mechanical, and other factors at the nanoscale [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 

1.3. Caitlin Taylor: This method can provide insight into a wide variety of disciplines, including structural material, nuclear energy, energy storage, catalysis, and microelectronic research in space environments [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 

1.4. Trevor Clark: As first-time users often struggle with the geometric constraints, it is important to consider the impact of potential beam shadowing when preparing samples [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 

1.5. Christopher Barr: This method is an inherently visual microscopy technique for which many of the nuances are impossible to covey without visual demonstration [1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.6. 

Protocol
2. Thin Film Sample Preparation and Transmission Electron Microscopy (TEM) Grid Mounting
2.1. To isolate the film sample, add 50 milliliters of an appropriate solvent solution in a Petri dish [1] and cleave or cut the substrate into approximately 1.5- × 1.5-millimeter sections [2].
2.1.1. WIDE: Talent adding solution to dish
2.1.2. Section being cleaved/cut 

2.2. Use tweezers to insert the substrate film side-up into the solution at an incident angle of about 30 degrees [1] and slowly and repeatedly retract and insert the substrate into the solution until the film floats free [2-TXT].

2.2.1. Substrate being inserted into solution Videographer: Important step
2.2.2. Substrate being retracted and inserted Videographer: Important step TEXT: Substrate can be set aside

2.3. Insert the TEM (T-E-M) grid into the solution [1] and position the grid below the film [2].

2.3.1. Grid being inserted Videographer: Important step
2.3.2. Grid being positioned Videographer: Important step

2.4. Then slowly lift the grid under the film until the film is centered over grid [1] and quickly lift the grid out of the solution [2]. The film will attach to the grid [3].

2.4.1. Grid being lifted under film
2.4.2. Grid being lifted out of solution
2.4.3. Shot of film attached to grid TEXT: Re-insert grid and re-float film if film not centered

3. Ion Beam Conditions and Alignment

3.1. To set up the tandem accelerator, use steering magnets, bending magnets, and lenses to align an ion beam inside the TEM so that irradiation events can be observed in situ [1].

3.1.1. WIDE: Talent using magnets/lenses to align beam

3.2. Use a camera to view the ion beam-induced luminescence on a quartz-tipped TEM sample holder to perform any final ion beam alignments [1] and use an electron beam objective lens power that matches that used in the experiment to align the ion beam coincident with the cathodoluminescence produced by the electron beam [2].

3.2.1. Talent using camera view to align beam
3.2.2. Talent using lens to align ion beam

3.3. Insert the Faraday cup upstream of the TEM to capture the ion beam [1] and obtain a reading to measure the beam current for calculation of the fluence [2].

3.3.1. Talent inserting cup
3.3.2. Talent obtaining reading 

3.4. For additional accuracy in the beam current measurement, insert a TEM holder equipped with a Faraday stage to measure the ion beam current in the specimen area of the TEM [1].

3.4.1. Talent inserting TEM holder

3.5. If the current needs to be monitored in real time, power on the beam profile monitor [1] and monitor the oscilloscope readout to perform the current measurements [2].

3.5.1. Talent powering on BPM
3.5.2. Talent monitoring oscilloscope OR Shot of oscilloscope readout 

3.6. To measure the beam area and to confirm the alignments, mount a piece of clear adhesive tape onto a single-tilt TEM specimen holder flat plate tip [1] and expose the specimen to the electron and ion beams long enough to leave a mark [2].

3.6.1. Talent mounting tape onto plate
3.6.2. Talent exposing specimen to electron and ion beams 

3.7.  Then remove the tape [1] and place the specimen onto a white background [2].

3.7.1. Tape being removed
3.7.2. Talent placing specimen onto white background 

3.8. To determine the area, photograph the burn spot with a ruler [1] and import the image file into an appropriate image processing software program [2].

3.8.1. Talent photographing burn spot, with ruler next to burn spot visible in frame Videographer: Important/difficult step
3.8.2. Talent at computer, importing image, with monitor visible in frame Videographer: Important/difficult step

3.9. Then use a calibration sample to visualize the beam damage [1-TXT], which should appear as black spot contrast under kinematic bright field imaging conditions [2].

3.9.1. Sample being placed near damage Videographer: Important step TEXT: e.g., Au or CuAu calibration sample
3.9.2. SCREEN: To be provided by Authors: Shot of beam damage next to calibration sample under bright field imaging conditions

4. TEM Loading and Imaging Conditions

4.1. To load the specimen for TEM imaging, place the grid onto the holder with the specimen side of the grid facing up [1] and with the grid oriented to prevent shadowing effects when the specimen is tilted toward the ion beam [2].

4.1.1. WIDE: Talent placing grid onto holder
4.1.2. Shot of grid oriented to prevent shadowing effects 

4.2. Using an optical microscope to check for shadowing effects [1], tilt the holder 30 degrees in the positive X direction [2].

4.2.1. Talent at microscope, checking for shadowing effects Videographer: Important step
4.2.2. Holder being tilted Videographer: Important step

4.3. The overhead view will be parallel to that of the electron beam [1].

4.3.1. SCREEN: To be provided by authors: Shot of overhead view

4.4. Then tilt the holder 60 degrees in the negative X direction [1] such that the overhead view is parallel to that of the ion beam [2-TXT].

4.4.1. Holder being tilted
4.4.2. SCREEN: To be provided by authors: Shot of overhead view TEXT: If area of interest not visible, move specimen to alleviate shadowing

4.5. When the optimal viewing position has been achieved, with the valve to the beamline closed [1], mount the specimen onto a TEM holder according to the manufacturer’s guidelines [2] and load the holder into the TEM to begin the pump cycle [3-TXT].

4.5.1. Talent checking/closing beamline valve
4.5.2. Talent mounting specimen
4.5.3. Talent loading holder TEXT: Allow vacuum stabilization before holder insertion

4.6. In the TEM control software, load the most recent alignment file for the accelerating voltage being used [1] and manually refine the alignments for the condenser lens and aperture, gun tilt and shift, and objective lens [2].

4.6.1. Talent loading file, with monitor visible in frame
4.6.2. Shot of alignment being refined in viewing chamber

4.7. Find a region of interest on the specimen and, under brightfield kinematic conditions, adjust the imaging parameters for the type of analysis to be performed [1-TXT].

4.7.1. SCREEN: To be provided by authors: ROI being found, then brightfield kinematic being selected, then parameter(s) being set TEXT: See text for full imaging condition details

4.8. Tilt the holder to the maximum safe angle toward the ion beam [1] and, using the manufacturer recommended procedures specific to the selected TEM holder, apply any additional stressors, such as heating, cooling, environmental, or mechanical factors [2].

4.8.1. Holder being tilted
4.8.2. Stressor being applied

4.9. Now open the TEM ion beam valve [1] and remove the Faraday cup to expose the experimental specimen to ion irradiation [2].

4.9.1. Talent opening valve
4.9.2. Cup being removed

4.10. To pause the exposure, re-insert the cup [1] and close the valves to the beam line [2].

4.10.1. Cup being inserted
4.10.2. Talent closing valve

4.11. Then record images or videos to document the evolution of the microstructure [1].

4.11.1. Talent recording image/video, with monitor visible in frame


Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
2.2., 2.3., 3.8., 3.9., 4.2.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.8. exposing the tape to ensure a visible beam burn from both the ion beam and electron beam is difficult. Leaving enough time for a mark to be evident is key.



Results
5. Results: Representative In Situ Multi-Beam TEM Irradiation Experiments

5.1. The active mechanisms for damage [1] can be highlighted by imaging a specimen before [2] and after an event [3].

5.1.1. LAB MEDIA: Figure 5 Video Editor: please emphasize Figure 5C images
5.1.2. LAB MEDIA: Figure 5 Video Editor: please emphasize t=0 images
5.1.3. LAB MEDIA: Figure 5 Video Editor: please emphasize t=25 images

5.2. In this study, 2.8-megaelectronvolt gold ions were used to simulate neutron irradiation with peak damage within the film thickness [1].

5.2.1. LAB MEDIA: Figure 6 Video Editor: please emphasize Figure 6A Au data line

5.3. Helium implantation simulates the production of alpha-particles from neutron radiation-induced nuclear reactions [1]. In this analysis, 10-kiloelectronvolt ion energy was selected the ions would implant within the foil thickness [2].

5.3.1.  LAB MEDIA: Figure 6 Video Editor: please emphasize Figure 6A He data line
5.3.2. LAB MEDIA: Figure 6 Video Editor: please emphasize Figure 6B He data line

5.4. Damage from gold self irradiation was observed with respect to the fluence [1] and the microstructure developed defects induced by the gold ions [1].

5.4.1. LAB MEDIA: Figures 7A-7C and 7E-7G
5.4.2. LAB MEDIA: Figures 7A-7C and 7E-7G Video Editor: please emphasize 7A-7C images

5.5. With an increasing time of exposure and thus fluence, the damage increased linearly [1]. At high doses, the concentration of damage sites was too high to reliably quantify [2].

5.5.1. LAB MEDIA: Figures 7D and 7H Video Editor: please emphasize data lines
5.5.2. LAB MEDIA: Figures 7D and 7H

5.6. To explore the effects of multiple beams interacting with the material simultaneously, double and triple ion beam irradiation was performed [1] and the cavity nucleation, growth, and evolution were measured [2].

5.6.1. LAB MEDIA: Figure 8
5.6.2. LAB MEDIA: Figure 8 Video Editor: please sequentially emphasize 2nd, 3rd, and 4th image columns 

5.7. To explore irradiation-induced creep in zirconium, a microelectromechanical system device can be fabricated [1] into a push to pull device [2] allowing for stress-strain measurement [3].

5.7.1. LAB MEDIA: Figure 9A
5.7.2. LAB MEDIA: Figure 9B
5.7.3. LAB MEDIA: Figure 9C

5.8. Here the effects of high temperature irradiation-induced creep in silver nanopillars can be observed [1], demonstrating that combining irradiation and temperature results in an orders of magnitude faster creep rate [2] than either irradiation or thermal creep alone [3].

5.8.1. LAB MEDIA: Figure 10 Video Editor: please emphasize images 
5.8.2. LAB MEDIA: Figure 10 Video Editor: please emphasize purple data squares
5.8.3. LAB MEDIA: Figure 10 Video Editor: please emphasize pink data squares





Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Trevor Clark: Remember to prepare a clean sample so the radiation effects can be easily visualized and to mount the sample so the ion irradiation events can be observed [1].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (2.2., 4.2) 

6.2. Christopher Barr: Following this procedure, automated crystal orientation mapping and energy dispersive spectroscopy can be performed to answer questions about the influences of crystal orientation and chemistry, respectively [1].

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  

6.3. Caitlin Taylor: This technique has paved the way for investigations into the radiation effects of materials by enabling the observation of dynamic events in extreme environments at the nanoscale [1].

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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