>************************************************************************
>Reply to Editorial comments:
>************************************************************************

Thank you very much for your comments. We have provided responses to each comment. In the new manuscript, we have used red font to indicate where we have made modifications.

>1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

An English editing service has proofread the entire paper.

>2. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee.

In line 138, we inserted a new statement: “The protocol was conducted following the guidelines of the research ethics committee at the National Cancer Center Hospital East, Japan.”

>3. For in-text referencing, the superscripted reference number should be inserted before a comma or period. Please also remove the parentheses after the reference numbers.

We have made modifications by following your suggestion.


>************************************************************************
>Reply to Reviewer #2:
>************************************************************************

Thank you very much for your comments. We have provided responses to each comment. In the new manuscript, we have used red font to indicate where we have made modifications.

>Major Concerns:
>Thank you for making the suggested changes. The new figure is helpful and the paper is more informative now. I see that this may be a useful instrument. Though it might not be the state of the art, it's low cost and simplicity might make it good for a field instrument. The examples you have presented show that you can get reasonable results. However, I still am having a hard time imagining that the protocols you present are useful to others. What you are presenting are examples of uses, not generally applicable procedures.

Low-dose γ-ray source imaging of 1 μSv/h or less in the environment has been overlooked so far in the field of radiation protection, and has not been reported or achieved elsewhere so far. Therefore, we hope you understand that we have presented new protocols, not examples of uses.

>Minor Concerns:
>Table 1: The correct way to measure resolution is to use two sources and determine the minimum separation required to resolve both. I'm suspicious that your algorithm might be shrinking spots beyond what you can actually resolve. Can you convince me otherwise?

For the evaluation of angular resolution, we simply followed the method by Watanabe et al. (2018) for comparison with previous studies. As described in this paper, the angular resolution of this detector (11 ° for 511keV gamma rays) is consistent with the expected intrinsic angular resolution which was dominated by the geometrical effect due to the crystal size and the interval of crystals. For further details on the novelty of this measurement technique, please refer to our previous paper (Watanabe et al. JJAP (2018)).

>Lines 92-93: In the section of the angular dependence, what angles did you compare? Does this include directly above and directly below as well? What exactly varies by ~4%? Is it the total efficiency, imaging efficiency, resolution,...?

The angle dependence of the efficiency was evaluated by comparing the peak values of the reconstructed images of the 22Na sealed source installed in various directions for each according to the method by Watanabe et al. (2018).


>************************************************************************
>Reply to Reviewer #5:
>************************************************************************

Thank you very much for your comments. We have provided responses to each comment. In the new manuscript, we have used red font to indicate where we have made modifications.

>Major Concerns:
>- The paper lacks additional background on detector construction and setup.

The purpose of this paper is to show the procedure and representative results for visualizing low-level gamma radiation sources in various environments not previously demonstrated elsewhere “according to the aim and scope of JoVE.” Therefore, for further details on the novelty of this measurement technique, please refer to our previous paper (Watanabe et al. JJAP (2018)). We remark that in the previous revision, we moved the description of the detector overview from a first paragraph in “Protocol” to the last part of “Introduction” according to the editor's instructions.

>- The quality of the images are low. Higher quality optical images are advised.

The low resolution of the image is due to the resolution of the pdf file that is automatically generated on the JoVE web submission system when posting. The resolution of the original image is high enough.

-> A more rigorous description of data processing in this section should be included as the reader might not understand what criteria of time binning is used. In the source localization completed in the lab, time binning is completed with a priori knowledge, which might not be possible in a real world scenario. Perhaps expand on the technique by creating a new image for a 5 minute integration for example.

We apologize for our poor explanation of this point. In line 91, we inserted the following new statement: “During the measurement, the trigger rate, total energy spectrum (the sum of the energy deposits for each two-fold coincidence event), and the reconstructed images of a preset gamma-ray energy can be displayed on the online PC screen. This information can be updated at a preset time interval (e.g., every 10 s). Here, we set the screen to display two types of reconstructed images: an image that is accumulated at the start of the measurement and an image reaccumulated at every preset time interval (e.g., every 1 min). Furthermore, because the raw data for each event obtained using the measurements are stored, it is possible to reanalyze the data after the measurements and then regenerate a reconstructed image for an arbitrary gamma-ray energy at an arbitrary time interval.”

>Minor Concerns:
>- Usefulness of monitoring in PET facility is not highlighted. 

In this study, we introduced an example of the possibility of visualizing the dynamics of remote radioactivity using gamma ray imaging technology from environmental radioactivity measurement data in a PET facility. In the new manuscript, we have made modifications with respect to the movement of a patient as described below:
(a) In line 34, we deleted a statement “Furthermore, we successfully visualised the movement of a patient injected with 18F-fluorodeoxyglucose (18F-FDG) in a nuclear medicine facility.”, and we inserted a new statement: “Furthermore, we successfully demonstrated the possibility of visualising the radioactivity movement in the environment, for example, the movement of a patient injected with 18F-fluorodeoxyglucose (18F-FDG) in a nuclear medicine facility.”
(b) In line 190, we modified “attribute” to “could be attributed”.
(c) In line 288, we deleted a statement “movement through the facility of”, and we inserted a new statement: “radioactivity movement through the facility, which in this case is considered to be the movement of”.


>************************************************************************
>Reply to Reviewer #6:
>************************************************************************

Thank you very much for your comments. We have provided responses to each comment. In the new manuscript, we have used red font to indicate where we have made modifications.

>Major Concerns,
>1. It said omnidirectional camera but, in fact, it is a semi-sphere or 2π FOV, not 4π (pi). The word 'omnidirectional' should be changed for over all. Check "4π FOV compact Compton camera for nuclear material investigations", NIMA, 652(1):33-36 as a reference.

As described in the Introduction, the “omnidirectional” Compton camera technique used in this study is based on the successful development of a high-sensitivity “omnidirectional” Compton camera technology that can easily visualise low-dose γ-ray sources in the environment (Watanabe et al., JJAP, 57, 026401, 2018). In the new manuscript, in order to explicitly cover the background of this study, we added the following new references which were cited in line 58:
13) Lee, W., Lee, T. 4  FOV compact Compton camera for nuclear material investigations. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. 652, 33-36 (2011).
14) Yamaya, T. et al. Concrete realization of the whole gamma imaging concept, Proceedings of 2017 IEEE Nuclear Science Symposium and Medical Imaging Conference (NSS/MIC). 3pp (2017).

>2. This paper used CT reconstruct. However, CT reconstruction using line projection is different from Compton imaging using cone projection. This should be discussed in the paper. Check "L. Parra, IEEE Trans. Nucl. Sci. 47, 1543 (2000)" for analytic Compton reconstruction.

In the new manuscript, we have made modifications to specify these points as described below:
(a) In line 59, we inserted a new statement: “, as well as image reconstruction techniques for Compton cone data by analytical15,16 and statistical17 approaches.” We also added the following new references:
15) Parra, L. Reconstruction of cone-beam projections from Compton scattered data, IEEE Transactions on Nuclear Science. 47, 1543-1550 (2000).
16) Xu, D., He, Z. Filtered Back-Projection in 4 Compton Imaging With a Single 3D Position Sensitive CdZnTe Detector, IEEE Transactions on Nuclear Science. 53, 2787-2795 (2006).
17) Wilderman, S., Clinthorne, N., Fessler, J., Rogers, W. List-mode maximum likelihood reconstruction of Compton scatter camera images in nuclear medicine, Proceedings of IEEE Nuclear Science Symposium, 3, 1716-1720 (1998).
(b) In line 68, we deleted a statement “The technique accomplishes this by applying an image-sharpening technique18,20 based on the filtered back-projection algorithm used in image reconstruction for computed tomography (CT).”, and we inserted a new statement: “This is accomplished through the application of an image-sharpening technique18,20 based on the filtered back-projection algorithm, which applies a convolution filter used in image reconstruction for computed tomography to the Compton reconstruction.”

>3. Line 92: How 11 degrees are measured? In order to evaluate angular resolution, not a single source but at least two sources should be used since the FWHM of a reconstructed single source is affected by filter or iteration number. Therefore, two sources with various positions (such as 5', 10', 20'....) should be reconstructed to estimate the angular resolution of the system. The minimum angle in which two sources are discriminated from each other, can be the real angular resolution of the system.

We understand your opinion. On the other hand, in this study, the angular resolution was evaluated according to the method in the previous study (Watanabe et al. 2018), which is already described in the caption of Table 1 (line 265) as follows: “The angular resolution was estimated from 511 keV omnidirectional gamma ray images obtained during measurement of a 22Na sealed source placed 1 m ahead of the detector.”

[bookmark: _Hlk21325367]>4. How could the authors determined the sequence of radiation interactions which at least more than two? There are a few methods to determine the sequence, and hence, the method for determine the sequence of the interaction should be described.

Please refer to our previous paper (Watanabe et al., JJAP, 57, 026401, 2018). In this technique, we don’t need to distinguish which counter is a scatterer or an absorber.

>5. Since the energy resolution of the system using scintillator is at least ten times lower than that of semiconductors such as HPGe and CZT. It is hard to measure multi-energy sources like nuclear fuel materials. This should be described in the text.

In line 293, we inserted the following new statement with respect to this point: “, by taking advantage of the high-sensitivity and low-cost characteristics of the system, although the energy resolution of a system that uses a scintillator is inferior to that of more expensive semiconductor detectors, such as high purity germanium (HPGe) and CdZnTe (CZT).”

>6. Line 265-267: What is the meaning of "upper half of observed values"?

It means the range of the red gradation field in the palette on the right side of Fig. 3(c)(d)(e)(f), Fig.5(d)(e) and Fig.6(c)(d)(e)(f).

>What does "a narrower range of the red field" mean?

For example, it means the following description in the caption of fig.4: "gamma-ray intensities in the upper 30% of the observed range."

>7. Line 283: Two reference is not enough to say "state-of-the-art device". Did the authors compare the system with other Compton imager using semiconeductors or difference structures?

In line 300, we simply delete the statement “using a state-of-the-art device” by following your suggestion. We have never made a direct measurement comparison with a semiconductor Compton camera.

>8. Line 296: The performance of Compton imagers is significantly degraded in low energy such as Tc-99 or In-111, and hence, coded aperture or pinhole is much better choice to reconstruct low energy radiation sources.

The possibility of visualizing low-energy gamma rays using this technique will present in another paper in the near future.


>************************************************************************
>Reply to Reviewer #7:
>************************************************************************

Thank you very much for your comments. We have provided responses to each comment. In the new manuscript, we have used red font to indicate where we have made modifications.

>Minor Concerns:
>On REPRESENTATIVE RESULTS 1 (line 163), the same peak heights for period (ii) and (iii) should be attributed to the same distance of 6.7m, not 3.6m, according to the experiment protocol mentioned above.

Thank you very much for your suggestion. In line 177, we corrected “3.6 m” to “6.7 m”.

>On REPRESENTATIVE RESULTS 3, the reviewer did not understand why the selecting energy range for 605 keV and 662 keV is (565-622), (622-702), but not the midpoint of them?

The event selection of 605 keV gamma rays for 134Cs should be 605 ± 40 keV (565-645 keV), but the range of 622 keV-645 keV overlaps the range of 662 ± 40 keV (622-702 keV) for 137Cs. Here, as can be seen from the energy spectrum in Fig. 5 (c), the activity of 134Cs in the Fukushima field was sufficiently lower than that of 137Cs in this measurement. This is because the half-life of 134Cs (2 years) is sufficiently shorter than that of 137Cs (30 years). Therefore, in this paper, the range of 622 keV-645 keV was treated as 662 keV gamma rays.

>On DISSCISION (line 273), figure 5 just shows the two gamma-ray images by acquiring 2min for two periods, but gives a conclusion that this protocol can visualize the movement of a patient injected with 18F-FDG. However, the ability to track the moving path of the patient by using this Compton camera is not demonstrated.

As described in the second paragraph of “Discussion”, the movement of the peak position of the gamma ray image considered to be a patient can be identified in the time frame of 10 seconds or less in the case of Fig. 5 (d)(e). Further research on tracking the patient's path in the facility using multiple detectors will be discussed in other papers. In the new manuscript, we have made modifications with respect to the movement of a patient as described below:
(a) In line 34, we deleted a statement “Furthermore, we successfully visualised the movement of a patient injected with 18F-fluorodeoxyglucose (18F-FDG) in a nuclear medicine facility.”, and we inserted a new statement: “Furthermore, we successfully demonstrated the possibility of visualising the radioactivity movement in the environment, for example, the movement of a patient injected with 18F-fluorodeoxyglucose (18F-FDG) in a nuclear medicine facility.”
(b) In line 190, we modified “attribute” to “could be attributed”.
(c) In line 288, we deleted a statement “movement through the facility of”, and we inserted a new statement: “radioactivity movement through the facility, which in this case is considered to be the movement of”.


>************************************************************************
>Reply to Reviewer #8:
>************************************************************************

Thank you very much for your comments. We have provided responses to each comment. In the new manuscript, we have used red font to indicate where we have made modifications.

>It is a description of results. So the results are nice but we must to confident about results presented (reconstructed spectra and localisation deduced about each time) and it is difficult to certified the quality of work because we don't know exactly the details of analysis

We apologize for our poor explanation of this point. In line 91, we inserted the following new statement to specify these points: “During the measurement, the trigger rate, total energy spectrum (the sum of the energy deposits for each two-fold coincidence event), and the reconstructed images of a preset gamma-ray energy can be displayed on the online PC screen. This information can be updated at a preset time interval (e.g., every 10 s). Here, we set the screen to display two types of reconstructed images: an image that is accumulated at the start of the measurement and an image reaccumulated at every preset time interval (e.g., every 1 min). Furthermore, because the raw data for each event obtained using the measurements are stored, it is possible to reanalyze the data after the measurements and then regenerate a reconstructed image for an arbitrary gamma-ray energy at an arbitrary time interval.”

>Remarks: referee hungry because don't have access to reference 13 to find more detail of reconstruction principle and performance.

For details on the image reconstruction method used in this paper, please refer to the following reference:
13) Watanabe, T. et al. Development of an omnidirectional gamma-ray imaging Compton camera for low-radiation-level environmental monitoring. Japanese Journal of Applied Physics. 57, 026401 (2018).
https://iopscience.iop.org/article/10.7567/JJAP.57.026401/meta
14) Kagaya, M. et al. Development of a low-cost-high-sensitivity Compton camera using CsI(Tl) scintillators (γI). Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. 804, 25-32 (2015).
https://www.sciencedirect.com/science/article/pii/S0168900215010669

>it is presented like low cost but we don't have any information about the price
Material software and also the facility of use in practical.

In line 314, we inserted the following new statement with respect to this point: “The detector can be manufactured at a low price. In fact, the cost of the detector materials used in this study was no more than $20,000, and this amount was dominated by the price of the counter consisting of CsI (Tl) and PMT; this configuration is significantly less expensive than the GAGG scintillators and HPGe semiconductor detectors that are used in other Compton cameras.”

>In general they don't give the activities of sealed sources used for several tests
Don't find in figure 3 picture associated at period V.

The radioactivity of the 137Cs sealed source used in “Protocol 1” is 3.85MBq as stated in the text. On the other hand, we forgot the description of the radioactivity of the 22Na sealed radiation source used to measure angular resolution. Therefore, we inserted "(0.8MBq)" in line 267. The reconstructed image of period V was simply omitted because it was at the background level and there was no significant peak.

>Minor Concerns:
>More explanations about process about localization for accredited the method and validate the work

The capability of source localization was firmly confirmed by a lot of comparisons between the position of a radioactive source on the optical image and the peak of a gamma-ray reconstructed image.
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