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Version 0: 

Reviewer comments: 

Referee #1 

(Remarks to the Author) 
The manuscript presents an analysis of spectral properties of a Fast Radio Burst (FRB) and constrains the size of the
emission. This constraint seems to discriminate between broad two classes of model for the source of the bursts. The
measurement is based on a strong burst with peculiar scintillation properties. The argument relies extensively on Kumar et
al (2024), which discusses the two-screen scattering scenario and how it can be used to constrain the size of the emission
region. The burst can be used to jointly solve for the size of the emitting region and location of the ionized gas that causes
the scintillation. The combination of an interesting burst scintillation, along with the interpretation, is the basis for the novelty
of the conclusion. 

The result is interesting and the manuscript is well written. While novel, it does require a deep understanding of the
scattering geometry, FRB models, and radio signal propagation. This makes the result more difficult to present to a non-
expert audience. I also think this manuscript and Kumar et al may overstate the discriminatory power of the size constraint,
but I think it would be good to get someone more familiar with the "far-away" model to comment on that. Finally, it may still be
possible to have a (rare) screen outside the disk of the galaxy or an error in the Milky Way electron density model. These are
weak caveats to the interpretation, but they highlight the fact that the interpretation requires many steps. 

Detailed Comments: 
- Page 5: It would help to explain why this FRB was used. How many has CHIME/FRB studied in this detail? Knowing its
rarity would help to understand what is reasonable in terms of the locations of the scattering screens and potential for bias.
For example, if this event was chosen from a sample of 100 FRBs with similar data, it could be an example of rare
propagation path (e.g., a high-velocity cloud far from its host galaxy; Faber et al 2024). 
- Page 7: The scaling of two frequency scales with frequency is good supporting evidence for the basic interpretation. 
- Page 7 and 9: NE2001 is used throughout, but it is noted that the predictions are unreliable. Have other models been
considered (YMW or the Gaensler et al)? 
- Page 9: A high density at a large screen distance could be consistent with a CGM/high-velocity cloud (e.g., Faber+ 2024).
The probability of such an intersection is expected to be small, but it is difficult to evaluate that without knowing how
common these two-screen scenario occurs. 
- Page 9: Sammons+ infer a resolved screen in the host CGM for FRB 20201124A. 
- No reference is made to SGR 1935+2154, the source of radio/x-ray burst with FRB-like properties. It has been shown to
have neutron star spin-down glitches that coincide with FRB-like bursts and radio pulsations (Younes et al 2023). This
behavior is most easily explained by "close-in" models that couple radio emission to the inner magnetosphere. Given that,
and the polarimetric behavior mentioned in the present manuscript, there is an emerging sense that the "close-in" models
are preferred. 
- Margalit et al (2020) quote a "far-away" FRB emission radius >1e12 cm and gamma>~1e2, so r/gamma ~ 1e10cm. This is
equivalent to a source size R_\*obs ~ 1e8 cm = 1e3 km. If I'm interpreting this correctly, the minimum size of the far-away
model is smaller than asserted in the manuscript and marginally consistent with the constraint of the measurement. 

Referee #2 

(Remarks to the Author) 
I enjoyed reading the manuscript. Congratulations to the authors on their significant finding and comprehensive analyses.



Having been long emphasized by Jim Cordes and particularly demonstrated in the series of papers by Ocker et al. and Wu
et al., scintillation (and such higher order of analysis of the dynamic spectra) is the next frontier in this field. As far as I know,
this is the first instance of successfully constraining the emission region through scintillation, which was commonly done for
pulsars, of FRB sources. If the result holds, this work deserves to be published on Nature, in my opinion. Short of going
through the data reduction myself, I’d like to see the clarification of the following aspects. 

Major 

1) All the scintillation analysis for FRB 20221022A is based on one burst. Scintillation bandwidths based on single
pulse/burst measurements usually have large uncertainties. For example, the scintillation bandwidth of FRB 20201124A
measured from different bursts detected at same epoch varied from 1 MHz to 3 MHz (see Table 3 of Nimmo et al. 2022). The
authors should discuss whether the conclusions in this paper is robust against changes in scintillation bandwidth
measurements. 

2) page 10, paragraph 8: “FRB emission models are broadly characterised into two groups: magnetospheric, where the
emission originates from within the magnetosphere of a compact object (e.g., Ref.2), and non-magnetospheric, …For the
synchrotron maser shock models”. The authors first state that two groups are magnetospheric and non-magnetospheric, then
support magnetospheric by just citing Ref. 6 model to disfavor the synchrotron maser shock models. It is hard to follow the
logic here even for astronomers, not to mention the general readers. What is the relation between non-magnetospheric and
synchrotron maser shock models? What is the robustness of Ref. 6's conclusion? Is Ref. 6 applicable to all synchrotron
maser shock models? 

3) The measurements of scintillation bandwidths and their frequency evolution index are fundamental for this paper. On
page 13, from the final panel of Figure 2, approximately 40-50% of channels are marked (RFI) in the frequency range of 500-
800 MHz. It's unclear how these marked channels in the four sub-bands influence the ACF-fit and the calculation of the
center frequency. The frequency location of these channels are necessarily fixed (?), while the scintillation effects are
characterized in Fourier domain. Some Monte-Carlo would be nice. 

4) On page 50, from the Extended Data Figure 1, it’s obvious that the pulse fluence decreases with the increase of the
frequency. This affects the scintillation measurements since the intensity of the scintillation pattern depends on the fluence.
In 2019, Macquart et al. used two methods to compute the mean-normalized ACF for their detected bursts. In their second
method, to decrease the influence of the decreasing fluence with frequency on scintillation measurements, they subtracted a
mean spectrum by normalizing the ACF with K*f^-1.5. The authors only used method I. To mitigate the influence of the
decreasing fluence with frequency on scintillation measurements, I suggest the authors try both methods. 

Minor 
1. Page 5, paragraph 1: τs ∝ ν−α , definition of ν required for the first usage. 

2. Page 5, paragraph 2: “The CHIME/FRB experiment recently discovered the as-yet non-repeating FRB, 20221022A”,
CHIME full name preferred for the first usage; “as-yet non-repeating FRB, 20221022A”-> as-yet non-repeating FRB
20221022A 

3. Page 6, paragraph 3: DM of 116.8371 pc cm−3, way too many digits for the DM value. The numbers given in an academic
report should be physically meaningful. 

4. Page 7, paragraph 3: “containing an equal fraction of the burst S/N”, this is confusing. The total S/N is 64, so each part has
S/N of 64/8=8? But S/N=8 is not correct. Same for the fifth panel of Figure 2. 

5. Page 7, paragraph 3: b ≈ 24.6◦, definition of b? 

6. Page 11, paragraph 9: “Two repeating FRBs in the literature have been observed associated with compact persistent
radio sources (PRSs): FRB 20121102A and FRB 20190520B, hypothesised to be magnetised nebulae surrounding the
FRB progenitor.” 
FRB 20201124A also has a compact PRS (https://arxiv.org/abs/2312.15296; accepted for publication). The origin of PRSs is
still under debate. 

7. On page 15, in the top panel of Figure 1, why do the bottom parts of some of the black lines not align with the labeled
central frequency? 

8. Page 17, Figure 3: “with the 3-σ uncertainty region indicated by the dashed green lines”, how is the 3-σ uncertainty region
determined? 

9. Page 19, 0.390625 MHz (i.e., the width of the channels of the original channelisation of the baseband data, 400 MHz over
1,024 channels). The first “0.390625 MHz” appears in the first paragraph, i.e., “0.390625/512 MHz frequency resolution”. It
would be better to place the explanation of 0.390625 MHz earlier. 

10. On page 20, in Equation 2, the S^2_{noise} => S_{noise} . 



11. Page 21: “containing an equal fraction of the burst S/N”, S/N->energy. 

12. Page 35: “wemeasure” -> “we measure” 

13. Page 38: NVSS- full name for the first usage. 

14. Page 39: “we arise at the flux upper limit of 0.1 Jy ms for this observation”, this is a fluence upper limit. flux->fluence. 

Version 1: 

Reviewer comments: 

Referee #1 

(Remarks to the Author) 
The manuscript presents an analysis and interpretation of the radio scintillation of a FRB to measure an upper limit on the
size of the emitting region. By doing so, the authors can exclude a class of emission models for the bursts from this source.
The revised manuscript clarifies many points raised in my initial report, which improves the presentation and makes it more
clear for a non-expert audience. 
This scintillation analysis method has been applied to the study of radio emission from pulsars in our own Galaxy for some
time. The demonstration of this technique for FRBs is significant because the sources are farther away and have a different
geometry (two widely separated "screens"). This is very significant, because the authors show the conditions and methods
for using this two-screen scenario to study not only the size of the emitting region, but the material along the line of sight to
the FRB. Both aspects help us understand the nature of these mysterious sources and will likely have substantial use in the
future of FRB studies. 
The arguments are presented well and the main text is concise, given the fact that a lot of background material is required for
the interpretation. The complexity of the argument is my main concern for publication in a general interest journal. The
propagation effects, geometry, and emission physics are all intertwined and must be explained in order for readers to
appreciate the significance. This manuscript does a reasonable job of laying that argument out as far as this reviewer is
concerned. 
The additional work related to the autocorrelation analysis strengthens the presentation. Since this technique is relatively
new, it is can be difficult to know the domains where it may be used correctly. In that sense, this manuscript is a clear
methodological advance. As the paragraph of the main text notes, it will be powerful when applied to other FRBs. 
The conclusions note that the constraint on the size of the emission is consistent with other evidence that implied FRBs
originated from compact (magnetosphere-scale) areas. This result is impactful because it directly constrains that size and
shows how the method can be applied to other bursts. Given the pheonomenological diversity of FRB bursts, it may be that
this method will reveal different sizes/types of emission. 

Referee #2 

(Remarks to the Author) 
This is a second review of Nimmo et al. "Magnetospheric origin of a fast radio burst constrained using scintillation". 

I thank the authors for carefully taking my comments into considerations. 
This is the first instance of successfully constraining the FRB emission region through scintillation, demonstrating the
exceptional potential for future research. Congratulations to the authors on this significant finding. 

I recommend publications of this paper. Two minor suggestions. 

(1) On page 13, for Figure 2, the author should briefly explain that the scintillation bandwidth of the first data point is very
close to the frequency resolution, leading to a relatively large error. It could even be excluded from the data fitting process. 
(2) On page 31, the author mentions that simulations have already been conducted to show that the RFI mask does not
affect the results in the paper. I recommend that the authors include a figure showing the simulation results as one of the
extended data figures. 
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Responses to editor and referee comments:

We want to thank both referees and the editor for providing very valuable feedback on the work. We have responded
to all of the comments below. In the revised draft, changes are highlighted with blue text. We have reduced the length
of the main text at the request of the editor.

Minor changes that we made in addition to the changes corresponding to referee comments: 
- We identified a small bug in the error calculation for the scintillation measurements which slightly changes 

the numbers throughout (with no impact on the emission size constraints or conclusions). 
- Minor cosmetic changes to Figure 1 and Extended Data Figure 5. 
- We moved the paragraph in the main text on the European VLBI Network followup into the methods to 

reduce the word count. 

https://github.com/KenzieNimmo/FRB20221022A_scintillation


Referee #1 (Remarks to the Author):

The manuscript presents an analysis of spectral properties of a Fast Radio Burst (FRB) and constrains the size of the
emission. This constraint seems to discriminate between broad two classes of model for the source of the bursts. The
measurement is based on a strong burst with peculiar scintillation properties. The argument relies extensively on
Kumar et al (2024), which discusses the two-screen scattering scenario and how it can be used to constrain the size
of the emission region. The burst can be used to jointly solve for the size of the emitting region and location of the
ionized gas that causes the scintillation. The combination of an interesting burst scintillation, along with the
interpretation, is the basis for the novelty of the conclusion.

The result is interesting and the manuscript is well written. While novel, it does require a deep understanding of the
scattering geometry, FRB models, and radio signal propagation. This makes the result more difficult to present to a
non-expert audience. I also think this manuscript and Kumar et al may overstate the discriminatory power of the size
constraint, but I think it would be good to get someone more familiar with the "far-away" model to comment on that.
Finally, it may still be possible to have a (rare) screen outside the disk of the galaxy or an error in the Milky Way
electron density model. These are weak caveats to the interpretation, but they highlight the fact that the interpretation
requires many steps.

We thank the referee for carefully reading the manuscript, highlighting its novelty and for providing detailed comments
on the work.

In response to the referee’s comment that the result might be difficult to present to a non-expert audience, we have
reworded and restructured the interpretation/discussion of the main text.

We note that using scintillation to probe pulsar emission sites has been used in the literature for decades (e.g.
Cordes et al. 1983, Lin et al. 2023). Here we are using this same technique for the first time with FRBs. The exact
physical mechanism for the “far-away” models (e.g. synchrotron maser) is not important for the interpretation, we only
use the fact that there is a relativistic shock propagating outwards to some radial distance, d. Special relativity then
focuses the photon into a cone with opening angle 1/γ, for Lorentz factor γ. We then get a lateral source size of d/γ.

Regarding the caveat of a rare screen outside of the galaxy disk: we comment on this already in the paper, but have
reworded this section to make it more clear. In order for us to have an emission size consistent with the
non-magnetospheric models, i.e. changing the conclusions of the paper, we require an FRB-to-screen distance of
>144 kpc (Figure 3). We have three reasons why this is very unlikely: (a) the implied densities at circumgalactic



medium (CGM) distances given the scintillation measurements are at least an order of magnitude higher than what’s
currently known about the Milky Way CGM at the same distance; (b) given our two-screen constraints (Equation 10),
we require a Galactic screen distance of <63 pc in order to have an FRB-to-screen distance of 144 kpc – it’s unlikely
that the Galactic screen is so close; and (c) we would have to invoke an FRB source outside of the galaxy disk (which
of course is possible – Kirsten et al. 2022 – but not common e.g. Shannon et al. 2024) in order to explain why we
don’t see scattering or scintillation from the disk itself (where the densities are higher).

Regarding the caveat in the Milky Way electron density model: we are not using the scintillation estimates from
Galactic electron models in any of our interpretation. We have reworded this part of the discussion to make that more
clear.

Detailed Comments:
- Page 5: It would help to explain why this FRB was used. How many has CHIME/FRB studied in this detail? Knowing
its rarity would help to understand what is reasonable in terms of the locations of the scattering screens and potential
for bias. For example, if this event was chosen from a sample of 100 FRBs with similar data, it could be an example
of rare propagation path (e.g., a high-velocity cloud far from its host galaxy; Faber et al 2024).

This FRB was chosen since we were actively working on the PA swing result presented in Mckinven et al. 2024 and
in that paper we determined that there was no measurable scatter broadening in this FRB, which we thought made it
an interesting candidate to look for scintillation. Regarding how many FRBs we have performed this analysis on with
the same detail: order ~a few, certainly not in the tens or hundreds of events, though we do plan on scaling up the
search in the future.

While a detection of scattering and/or scintillation in an FRB can be very constraining, nondetections are more difficult
to interpret: the timescale of the scatter-broadening at the observing frequency has to be well matched to the time
resolution of the data and the bandwidth of the scintillation also has to be well matched to the frequency scales that
can be reliably measured given the frequency resolution of the data. In short, it is very possible that scattering and
scintillation play a role for any FRB that has been considered, but that its observable manifestations fall outside the
scales we can probe with our data.

As regards to the referee pointing out that this line of sight could be a “rare propagation path”, there are 3 rare things
that have to happen at the same time in order to find our results consistent with the non-magnetospheric models: (1)
extragalactic screen distance has to be >144 kpc (Figure 3), i.e. far out from the host galaxy; (2) given our two-screen
constraints that means the Galactic screen distance has to be within 63 pc from the observer (EDFigure 4), which is
unlikely since there are no noted HII regions or hot stars within such close proximity, and we are far off the ecliptic so
the Sun is not a concern; and (3) the FRB would have to live outside the galaxy disk in order to explain why we don’t
measure scattering or scintillation from the galaxy disk (where the densities are higher).

Furthermore, the results of Faber et al. 2024, suggest that an intervening galaxy CGM is the source of the scattering
screen for the burst they analysed, where the scattering is geometrically boosted to a measurable value. The galaxy
field around the FRB in Faber et al. 2024 is very crowded and so based on optical data is flagged as a rare
propagation path, which is not the case for the FRB presented in this work (Figure 1 in Mckinven et al. 2024).
Moreover, as we argued above for an extragalactic screen distance of 144 kpc, if we invoke very large >> 100 s of
kpc FRB-to-screen distances, then our two-screen constraints require the Galactic screen to be unrealistically close
to Earth.

- Page 7: The scaling of two frequency scales with frequency is good supporting evidence for the basic interpretation.

We agree, and we have rewritten this paragraph to make this point clear.

- Page 7 and 9: NE2001 is used throughout, but it is noted that the predictions are unreliable. Have other models
been considered (YMW or the Gaensler et al)?



We do not consider other models since they are also highly uncertain. Note that we do compare with NE2001
predictions, but do not use that in any of the interpretation so the conclusions drawn do not depend on Galactic
electron density models at all. We have rewritten the relevant sections to make this clearer.

- Page 9: A high density at a large screen distance could be consistent with a CGM/high-velocity cloud (e.g., Faber+
2024). The probability of such an intersection is expected to be small, but it is difficult to evaluate that without
knowing how common these two-screen scenario occurs.

We have answered this question above.

- Page 9: Sammons+ infer a resolved screen in the host CGM for FRB 20201124A.

Sammons et al. indeed infer a partially resolved screen in the CGM for FRB 20201124. Their FRB-to-screen distance
is inferred to be ~9 kpc. In our case, we need a distance of 144 kpc , as mentioned above, in order to conclude that
our results are consistent also with the non-magnetospheric models. While this on its own is possible, although rare,
we also need the Galactic screen to be within 63 pc to satisfy our two-screen constraints, which is unlikely.

- No reference is made to SGR 1935+2154, the source of radio/x-ray burst with FRB-like properties. It has been
shown to have neutron star spin-down glitches that coincide with FRB-like bursts and radio pulsations (Younes et al
2023). This behavior is most easily explained by "close-in" models that couple radio emission to the inner
magnetosphere. Given that, and the polarimetric behavior mentioned in the present manuscript, there is an emerging
sense that the "close-in" models are preferred.

We have added a few sentences to the last paragraph of the main text linking to the literature examples of support for
the magnetospheric models (sub-second periodicity, sub-microsecond timescales in FRBs and the magnetar glitch
result that the referee points out). We also add the caveat that there is a diversity of observed properties in FRBs,
even for a single source (Hewitt et al. 2023) which could suggest multiple emission mechanisms.

- Margalit et al (2020) quote a "far-away" FRB emission radius >1e12 cm and gamma>~1e2, so r/gamma ~ 1e10cm.
This is equivalent to a source size R_\*obs ~ 1e8 cm = 1e3 km. If I'm interpreting this correctly, the minimum size of
the far-away model is smaller than asserted in the manuscript and marginally consistent with the constraint of the
measurement.

For a relativistic source moving with a Lorentz factor of γ at a distance d from a central object, the lateral source size
is d/γ. This is a consequence of relativistic beaming, where the isotropic distribution of photons in the source's
comoving frame is focused into a cone with an opening angle of 1/γ. We have added R~d/γ to the equation relating
radial distance and emission size on page 8 of the paper to make this more clear.
Therefore, the 1e10 cm the referee calculates is the lower bound of the emission size from Margalit et al. 2020, and is
the lower bound of the orange region on Figure 3 that we consider for the non-magnetospheric models. This is
inconsistent with the upper limit we determine on the emission size using the scintillation measurements.

Referee #1 (Remarks on code availability):

Code referenced in the manuscript is related to FRB search, which is fairly standard in the community. No code is
presented related to the analysis of the burst spectra, which is the novelty of this work.

With the original submission I sent a GitHub repository containing the relevant code used for the analysis and plots.
We have edited the pdf to include a “Code availability statement” pointing to the GitHub repository.

Referee #2 (Remarks to the Author):

I enjoyed reading the manuscript. Congratulations to the authors on their significant finding and comprehensive
analyses. Having been long emphasized by Jim Cordes and particularly demonstrated in the series of papers by
Ocker et al. and Wu et al., scintillation (and such higher order of analysis of the dynamic spectra) is the next frontier



in this field. As far as I know, this is the first instance of successfully constraining the emission region through
scintillation, which was commonly done for pulsars, of FRB sources. If the result holds, this work deserves to be
published on Nature, in my opinion. Short of going through the data reduction myself, I’d like to see the clarification of
the following aspects.

We thank the referee for reading the manuscript with such detail, providing valuable comments on the work and for
commenting on the impact and novelty of the work.

Major

1) All the scintillation analysis for FRB 20221022A is based on one burst. Scintillation bandwidths based on single
pulse/burst measurements usually have large uncertainties. For example, the scintillation bandwidth of FRB
20201124A measured from different bursts detected at same epoch varied from 1 MHz to 3 MHz (see Table 3 of
Nimmo et al. 2022). The authors should discuss whether the conclusions in this paper is robust against changes in
scintillation bandwidth measurements.

The two main contributions to the uncertainties on the scintillation bandwidth measurements are the fit uncertainties
(which improve for higher S/N bursts) and an uncertainty that increases with fewer number of scintles across the
observing band. In the work presented in Nimmo et al. 2022, the total number of scintles across the observing band
was O(10), while in our case we have O(1000) for the larger scintillation scale. Moreover, the burst we present in this
work has high S/N, comparable to the high end of the S/N’s reported in Nimmo et al. 2022. We therefore expect the
fractional uncertainties on the scintillation bandwidth measurements in this work to be smaller than the uncertainties
reported in Nimmo et al. 2022, which is the case. We have added a few sentences to the paper (page 30) to convey
this.

We also note that although the scintillation bandwidths vary from 1MHz to 3MHz in Nimmo et al. 2022, in the plot
below it is clear that they are consistent within the uncertainties across the epoch (3-sigma errors are plotted here),
with the smaller error bars associated with the higher S/N bursts.

In the Figure below, we remade Figure 3 from the manuscript inflating the error on the scintillation bandwidth
measurement by an order of magnitude, i.e. 1-sigma in the paper is 8kHz, here we assume 1-sigma is 80kHz, and we
plot a dashed green line representing the 3-sigma edge. Even in the case where the error is 10 times higher, our



measurement is still below the expected range for the non-magnetospheric models, and so we would come to the
same conclusion that the emission region size is supportive of a magnetospheric emission process.

2) page 10, paragraph 8: “FRB emission models are broadly characterised into two groups: magnetospheric, where
the emission originates from within the magnetosphere of a compact object (e.g., Ref.2), and non-magnetospheric,
…For the synchrotron maser shock models”. The authors first state that two groups are magnetospheric and
non-magnetospheric, then support magnetospheric by just citing Ref. 6 model to disfavor the synchrotron maser
shock models. It is hard to follow the logic here even for astronomers, not to mention the general readers. What is the
relation between non-magnetospheric and synchrotron maser shock models? What is the robustness of Ref. 6's
conclusion? Is Ref. 6 applicable to all synchrotron maser shock models?

We recognize that the use of the “synchrotron maser” terminology was confusing in the previous draft. To clarify, the
source size for the far-away class of models, i.e., d/γ (radial distance d, lorentz factor γ), follows strictly from
relativistic physics and is independent of the details of the emission mechanism, such as synchrotron maser. For the
“far-away” models in the literature, Ref 6. (Margalit et al. 2020) has the smallest radial distance of the FRB site from
the compact object (and therefore the smallest emission region lateral size for far-away models). The radial distances
span from 1e12cm (Margalit et al. 2020) to 1e16cm (Lyubarsky 2014). Given our emission size constraint, we
determine an upper limit on the radial distance to the FRB site of 7.5e10cm, which is much smaller than the range
listed. We have made this clearer in the text, removed “synchrotron maser” terminology and generalised, and also
changed the orange region in Figure 3 (and the relevant Extended Data Figures) to expand to larger emission sizes
(i.e. to encapsulate the other far-away model references - not only Margalit et al. 2020).

3) The measurements of scintillation bandwidths and their frequency evolution index are fundamental for this paper.
On page 13, from the final panel of Figure 2, approximately 40-50% of channels are marked (RFI) in the frequency
range of 500-800 MHz. It's unclear how these marked channels in the four sub-bands influence the ACF-fit and the
calculation of the center frequency. The frequency location of these channels are necessarily fixed (?), while the
scintillation effects are characterized in Fourier domain. Some Monte-Carlo would be nice.



The referee raises a valuable point in that we do not explore the effect of the RFI masking on our results. We decided
to define the subbands as containing an equal amount of the burst energy, rather than the subbands being equal in
frequency extent to attempt to diminish the impact of both the burst intrinsic spectrum and RFI masking on our final
measurements. However, something that we did not consider is that for the subbands that have a larger frequency
extent, the scintillation bandwidth would change drastically across the subband, and our measurement would likely be
skewed low since there would be more narrow scintles in the bottom part of the subband than the wider scintles in the
top, and also in this case our burst becomes weaker as we increase in frequency (similar to the reasoning we give
why the full band ACF measurements are lower). We try two things to convince ourselves that this is not skewing the
results we present:

1) We remake Figure 2 but considering only 400-600MHz of the band, dividing it into 8 equal sized (in
frequency) subbands (i.e. each 25MHz). The burst is bright enough in the 400-600MHz range to do this. The
scintillation bandwidths, frequency scalings and modulation indices measured are consistent within errors
with the results presented in the paper across the entire band.

2) We simulate a fake spectrum and measure a scintillation bandwidth of 122 kHz at 600 MHz and frequency
scaling 3.9, without RFI masking and keeping the subband sizes constant in frequency. We then use the
same method to simulate 100 fake spectra (different realisations of the same input scintillation parameters),
apply the same RFI mask as used on the real data, and chop into the same 8 subbands that we do in the
analysis of the real data. We perform the same analysis on these 100 spectra as described in the paper,
omitting the last subband as we do in the real analysis. Below we plot the distribution of scintillation
bandwidths and frequency scalings from these simulations compared to the measurement from the
unmasked, equal subband extent simulated spectrum. We find that the results are consistent within the
uncertainties and therefore the
RFI masking and subband
definition is not significantly
impacting the results
presented. We added a
paragraph in the Methods
(page 30/31 of the new draft)
to address this.



4) On page 50, from the Extended Data Figure 1, it’s obvious that the pulse fluence decreases with the increase of
the frequency. This affects the scintillation measurements since the intensity of the scintillation pattern depends on
the fluence. In 2019, Macquart et al. used two methods to compute the mean-normalized ACF for their detected
bursts. In their second method, to decrease the influence of the decreasing fluence with frequency on scintillation
measurements, they subtracted a mean spectrum by normalizing the ACF with K*f^-1.5. The authors only used
method I. To mitigate the influence of the decreasing fluence with frequency on scintillation measurements, I suggest
the authors try both methods.

As suggested by the referee, we tried method 2 from Macquart et al. 2019, i.e. normalising the ACF by K*f^-1.5. The
modulation indices we get are plotted in the figure below. Since both modulation indices appear to drop towards
higher frequencies, this indicates that the spectral index -1.5 is incorrect for this FRB. This is not so surprising given
that -1.5 is an average spectral index determined for a small sample of bright FRBs detected by ASKAP at L-band.
The FRB in this work could reasonably have a different spectral index. Since we normalise by the per subband mean

(i.e. not the mean of the entire burst spectrum), we are coarsely
correcting for the frequency dependent burst fluence. We added a
couple of sentences to page 30 to convey this.



Minor
1. Page 5, paragraph 1: τs∝ ν−α , definition of ν required for the first usage.
We have added the definition of \nu for the first usage.

2. Page 5, paragraph 2: “The CHIME/FRB experiment recently discovered the as-yet non-repeating FRB,
20221022A”, CHIME full name preferred for the first usage; “as-yet non-repeating FRB, 20221022A”-> as-yet
non-repeating FRB 20221022A

We have spelled out “CHIME” and removed the comma between FRB and 20221022A.

3. Page 6, paragraph 3: DM of 116.8371 pc cm−3, way too many digits for the DM value. The numbers given in an
academic report should be physically meaningful.

We have changed this to 116.837 pc cm-3. The DM uncertainty calculated in Mckinven et al. 2024 is 0.0014pc cm-3.
0.001 pc cm-3 is a 20 us delay across the CHIME band (baseband data has a time resolution of 2.56us) and so is
therefore meaningful.

4. Page 7, paragraph 3: “containing an equal fraction of the burst S/N”, this is confusing. The total S/N is 64, so each
part has S/N of 64/8=8? But S/N=8 is not correct. Same for the fifth panel of Figure 2.

We agree that this is not what we meant and understand how this caused confusion. We have changed “S/N” to
“energy” as you suggest later in point 11.

5. Page 7, paragraph 3: b ≈ 24.6◦, definition of b?

We have changed this sentence to define b as the galactic latitude.

6. Page 11, paragraph 9: “Two repeating FRBs in the literature have been observed associated with compact
persistent radio sources (PRSs): FRB 20121102A and FRB 20190520B, hypothesised to be magnetised nebulae
surrounding the FRB progenitor.”
FRB 20201124A also has a compact PRS (https://arxiv.org/abs/2312.15296; accepted for publication). The origin of
PRSs is still under debate.

We have added the citation to the 20201124A PRS. Additionally we have reworded the sentence to better convey that
the nature of PRSs is unknown, but one of the competing theories is that they are magnetised nebulae.

7. On page 15, in the top panel of Figure 1, why do the bottom parts of some of the black lines not align with the
labeled central frequency?

This was a minor plotting issue that has been corrected in the new version of this figure.

8. Page 17, Figure 3: “with the 3-σ uncertainty region indicated by the dashed green lines”, how is the 3-σ uncertainty
region determined?

We calculate the 3-σ uncertainty by propagating the scintillation bandwidth and modulation index errors through
Equation 22. We have added to this sentence in the Figure caption to clarify. Note that we identified a bug in the
previous calculation of the uncertainties which we have corrected in the new version – the conclusions do not
change.

9. Page 19, 0.390625 MHz (i.e., the width of the channels of the original channelisation of the baseband data, 400
MHz over 1,024 channels). The first “0.390625 MHz” appears in the first paragraph, i.e., “0.390625/512 MHz
frequency resolution”. It would be better to place the explanation of 0.390625 MHz earlier.

We have added text to define the 0.390625 MHz earlier.

https://arxiv.org/abs/2312.15296;


10. On page 20, in Equation 2, the S^2_{noise} => S_{noise} .

We have corrected this typo.

11. Page 21: “containing an equal fraction of the burst S/N”, S/N->energy.

We have changed S/N to energy.

12. Page 35: “wemeasure” -> “we measure”

We have corrected this typo.

13. Page 38: NVSS- full name for the first usage.

We spelled out NVSS.

14. Page 39: “we arise at the flux upper limit of 0.1 Jy ms for this observation”, this is a fluence upper limit.
flux->fluence.

We have changed “flux” to “fluence”.



Response to referees:

We would like to sincerely thank the referees once again for their kind words and valuable
comments on the manuscript which has improved the work presented. We address the
remaining comments below.

Referee #2 (Remarks to the Author):

This is a second review of Nimmo et al. "Magnetospheric origin of a fast radio burst constrained
using scintillation".

I thank the authors for carefully taking my comments into considerations.
This is the first instance of successfully constraining the FRB emission region through
scintillation, demonstrating the exceptional potential for future research. Congratulations to the
authors on this significant finding.

I recommend publications of this paper. Two minor suggestions.

(1) On page 13, for Figure 2, the author should briefly explain that the scintillation bandwidth of
the first data point is very close to the frequency resolution, leading to a relatively large error. It
could even be excluded from the data fitting process.

We omitted the first data point and reperformed the fit, finding that the decorrelation bandwidth
and frequency scaling are unchanged. We added a sentence to the caption of Figure 2 to
highlight this.

(2) On page 31, the author mentions that simulations have already been conducted to show that
the RFI mask does not affect the results in the paper. I recommend that the authors include a
figure showing the simulation results as one of the extended data figures.

We agree that this is a valuable addition to the work and therefore we have added a new
Extended Data Figure (EDFig3) to summarise the simulations.


	report.pdf
	reb v1.pdf
	reb v2.pdf

