
1. Does the article contain significant new results or theories and does it 
reflect sufficiently high scientific standards to warrant its publication 
in AAS Journals?

The article discusses the identity of 305 IMBH candidates using mining data 
in wide-field sky surveys (SDSS DR7), archival, and follow-up observations. 
Among these 305 IMBH candidates,  they confirmed the AGN nature of 10 
sources, including five previously known AGNs and five new targets by 
detecting the X-ray emission from their accretion discs. Their results 
support the supermassive black hole seeds scenario formation from the 
population III. This finding is interesting and consistent with few recent 
investigations using different methods. 

The data reduction and analysis are solid and make a convincing case for 
the presence of 10 IMBHs out of 305 AGN candidates from SDSS DR7 survey. 
The authors are very clear in making assumptions that are likely to 
significantly affect their conclusions. They also take time to the 
implications and limitations of their choices. This is very appreciated. 

However, I have a few comments and suggestions raised in this report. Once 
the authors address all of those, I will suggest the article a merit of 
publication.

2. Is the paper written with the maximum conciseness compatible with 
accuracy and clarity?

Yes, most of the text is well written, accuracy and concise. However, there 
a few parts that are still not clear and I wish the author will rewrite 
those part ​​s in a better clarity. I include these specific issues in the 
report below divided into two categories of major and minor issues.  

3. Could the order or presentation or English be improved? Editing of 
English and typographic errors will be corrected by the Journal copyediting 
staff and you do not need to specify these in your report. But if there are 
more general problems with presentation or English please cite this in your 
report.

I will have no comments on these issues. I suppose the Journal copyediting 
staff will take care all of these after the article is accepted. 

4. Would the article be more appropriate for the Supplement Series? That 
series is recommended for long papers, for compilations of relatively 
uninterpreted data or models, and for manuscripts with a very restricted 
readership.

I think ApJ is the best fit for this article. ​

5. Do you have any comments or criticisms that may be helpful to the 
author(s) to improve or correct the paper? Are units, object designations, 
equations, and notation complete and correct? In cases that may be 
ambiguous, please specify whether you consider the suggested changes to be 
mandatory for publication or advisory.

No. I don't.

6. Do you think that it is necessary for you to see the revised version of 
the manuscript?

Yes, I want to see the next revised version of the manuscript definitely!
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I) Primary comments:

1) In the fourth paragraph of the introduction section, the authors argued 
a few reliable mass estimate method to determine the masses of IMBH 
candidates including (i) the serendipitously discovered hyper-luminous X-
ray source, (ii) the stellar dynamics and pulsar timing, (iii) the 
agreement of low luminosity of AGN in optical and X-ray observation in 
dwarf galaxies. 

Recently, Nguyen et al., (2017) reported the precise stellar dynamical 
constraint on the central black hole mass of the nearby low-mass early-type 
galaxy NGC 404; and found a firm upper limit on this IMBH mass of <150,000 
Solar masses. They also found a strong evidence for the existence of IMBH 
via AGN continuum variability on decades timescale and nucleus 
spectroscopic fitting. Nyland et al., (2017) utilized multiple wavelength 
observations (e.g., VLA, ALMA, Spitzer, HST, Chandra) to exam the turbulent 
central engine of the low-mass AGN of this galaxy and confirmed the 
presence of this IMBH.

More measurements in the low-mass hots and million/sub-million Solar masses 
IMBH also reported in Nguyen et al., (2018) for M32, NGC 5102, and NGC 
5206. They used these dynamical measurements to constrain the occupation 
fraction of IMBH in a small sample of nearby, low-mass, and early-type 
galaxies; which is as high as 80%. They then argued the formation origin 
for these SMBH seeds is likely from the dead remnants of the Pop. III 
stars. What Nguyen et al., (2018) found is consistent with the results 
presented in this paper. The authors should consider discussing the result 
of Nguyen et al., (2018) to solid their conclusion of, â€œThe very 
existence of nuclear IMBHs supports the stellar mass seed scenario of the 
massive black hole formation.â€ ​ 

So, I suggest the authors should consider separating the item (ii) the 
stellar dynamics and pulsar timing into two different categories. 

2) The authors presented the selected criteria to rule out the spurious 
broad line detections and come up with the â€œparent sampleâ€ ​ of 305 IMBH 
candidates. However, the reasoning behind these criteria is not well clear 
in the text. It would be greatly appreciated if the authors could explain 
why did they choose the numbers and/or visualize the spectra in the 
following points: 

    2.1) â€œNo night sky airglow lines falling in the regions around 
Halpha+[N II], [O III] 5007 ​A, and Hbeta 4861 ​A, which we use for the 
spectral line profile fitting and decomposition.â€ ​ How did the authors 
visualize the spectra, e.g., by eyes, emission profiles, or fitting? 

    2.2) â€œEmpirical constraint that the width of the broad line component 
is at \sqrt(5) times larger than that of the narrow line component.â€ ​ Why 
\sqrt(5)?

    2.3) â€œThe BPT classification is â€œAGNâ€ ​ or â€œcompositeâ€ ​ (Kewley et 
al. 2006), that discards star-forming galaxies because broad line 
components in them are often transient (Baldassare et al. 2016).â€ ​ Did the 
author keep objects classified as AGN or composite only?

    2.4) â€œThe Halpha/Hbeta Balmer decrement for both narrow and broad 
line components < 4.â€ ​ Why 4? not 3 or 2? It might need a citation here, 
mightnâ€™t it?

    2.5) â€œ|vBLR - vNLR| < 3sigma ​NLR to reject strongly asymmetric BLR 
profiles.â€ ​ Why is the asymmetric BLR profile matter?

3) In subsection 4.4 and Figure 8, the authors discussed their IMBH masses 
and host galaxy properties to the recent compilations of bulge/spheroid 
masses of host galaxies of massive black holes. These host galaxies have 
the same total stellar mass range compare to the nearby low-mass early-type 
galaxies sample of Nguyen et al., (2018). It would be interesting to plot 
Nguyen et al., (2018) sample in Figure 8 as well. I believe their sample 
will fill the gap between the IMBHs (big red and green filled stars) and 
the Graham et al., (2015) sample (blue and green filled dots). 

4) In subsection 4.4 entitled, â€œImplications for co-evolution of central 
black holes and their host galaxies.â€ ​ The authors argued at the beginning 
of the second paragraph that â€œGalaxy mergers were frequent when the 
Universe was younger (redshifts z > 1, Conselice et al. 2003; Bell et 
al.2006; Lotz et al. 2011)â€¦. Therefore, IMBH host galaxies must have 
experienced very few if any major mergers over their lifetime.â€ ​ I may lose 
the discussion flow, but the last sentence seems a contradiction to the 
first one!? Do the authors mean because their IMBHs are quite low mass, the 
host galaxies have little chances to experience many major mergers over 
their lifetime as their massive cousins?

5) Issues with figures 3â€”6: 
    5.1) The contradiction of the plot and the captionâ€™s text for the 
narrow lines: plotted in blue but the captionâ€™s text says it is in gray
    5.2) The grey lines in the lower profiles are residuals but it is not 
clear for the meaning of the upper and lower bound lines? 
    5.3) The non-parametric narrow line models (rightmost panels) are not 
explained sufficiently. Currently, I do not understand these panel plots 
and what are their purposes for? Please give more explicit text.   

6) If it is possible, at the discussion of subsection 4.1, I would like to 
see the BPT diagram that plots all 10 targets with strong detection 
evidence of IMBHs, the parent sample of 305 AGNs (e.g., blue dots), and 
almost one million background targets (e.g., grey dots) from the SDSS DR7. 
For the  10 AGNs with strong detection evidence of IMBHs, the author could 
plot them in two different color and/or symbols to separate the new 
serendipitously discover targets and the â€œbona fideâ€ ​ targets. 

7) The authors emphasized the most dominated error budget of their IMBHs 
search and masses estimates method in subsection 4.3. Should the author be 
more explicitly for any other error sources that possibly affect their IMBH 
mass estimate method? If there are no others, please clarity!
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II) Minor comments and suggestions:

1) In the second paragraph of the introduction section, I found the 
following sentence, â€œPopulation III stars might have formed in dense 
clusters in primordial density fluctuations, which could then evolve into 
more massive SMBH seeds by collisions and/or core collapse (Portegies Zwart 
et al. 2004).â€ ​ does not follow the discussion flow of SMBH seeds formation 
mechanisms in the Early Universe. I suggest the authors should move this 
sentence somewhere earlier in the paragraph, e.g., at the point where the 
author mentions the stellar mass black hole seeds (< 100 Solar masses).  

2) In the third paragraph of the introduction section, the authors 
mentioned the IMBH mass estimate for NGC 4395, a dwarf galaxy with a total 
stellar mass of ~a few billion Solar masses. They quoted this IMBH has a 
mass of three hundred thousands Solar masses. I suggest the author should 
mention and cite the recent dynamical result for this IMBH mass estimation 



from the warm hydrogen molecular IFU spectroscopy of Gemini/NIFS reported 
by den Brok et al., (2015).  

3) I may be lost in the discussion flow, but in subsections 2.1 and 2.2, 
the authors provided many numbers that are relative to the total optical 
spectra taken from SDSS DR7 as the input sample including 1,000,000 
galaxies + quasar spectra (subsection 2.1) and 938,487 galaxy spectra of 
878,138 unique objects (subsection 2.2). It is a bit confused with the 
number 1,000,000 in the subsection 2.1 and how does this number relate to 
the other two numbers in the subsection 2.2? Please clarify!

4) The authors presented the criteria of sample filtering for the feasible 
IMBH candidates from the input sample in the subsection 2.3, and they have 
also mentioned these selected criteria briefly earlier in the second 
paragraph of the subsection 2.1. This causes a hard time to follow for me 
(and maybe other readers as well) at the first read when I was at the 
subsection 2.1 and have not yet come to the subsection 2.3. The better idea 
is to guide the readers to these selection criteria by informing them that 
the authors will discuss these detail criteria in Section 2.3, for example.

5) In the second paragraph of subsection 4.1, the authors used the acronym 
IAU without spelling it out. Please define or spell it out there for the 
first time!

6) In subsection 4.1 at the final paragraph, the authors estimate the total 
stellar masses of the parent sample based on the Two-dimensional Bulge+Disk 
Decompositions (GIM2D) of Simard et al., (2011). The authors should be 
clear that in Simard et al., (2011) they assumed a pure exponential disk 
and a de Vaucouleurs bulge (Sersic index n = 4) for the galaxy image 
models.

7) In Figure 7, the authors show the orange star in each panel plot without 
explanations either in the text or in the figureâ€™s caption. I would 
appreciate that if the authors will nicely give some explanations to make 
the reading to be more transparent. ​

8) The last sentence of the fourth paragraph in the subsection 4.4, the 
authors argued their exact fraction of actively accreting IMBHs is unknown, 
but it is smaller than that of more massive black holes. Could the authors 
please provide a quantitative number?


