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Our paper ‘Binary black hole mergers from population III stars:
uncertainties from star formation and binary star properties’ was
published in MNRAS, 524, p. 307-324 (2023).

After publication, we found a minor bug in COSMORATE, the code
we used to produce the results shown in Figs 2, 3,4, 5,6, 7, 8, 9, 10,
12,13, 14, 15,17, 18, B1, and B2.

In the following, we list the changes with respect to the published
version of the paper. All of them are minor changes: the results and
conclusions presented in the published article are not significantly
affected by the bug.

(i) Figs 2,3,4,5,6,7,8,9, 10, 12, 13, 14, 15, 17, 18, B1, and B2
should be replaced by those reported in this Erratum.

(i1) The last paragraph of section 3.2 should be replaced by: ‘We
expect that a large fraction of the detected Pop. III BBH mergers
occur at redshift z > 8, during or before the cosmic reionization.
This value significantly depends on the adopted SFRD model: we
estimate that 60—71 per cent detectable Pop. IIl BBH mergers take
place at z > 8 according to H22, 6678 per cent according to SW20,
45-54 per cent with the SFRD by J19, and 28-34 per cent assuming
LB20.

(iii) The second sentence in the second to last paragraph of
section 5 should be changed as follows: ‘In particular, for our fiducial
model (LOG1 with SFRD from H22) we expect ~530 detections per
year, of which 68 per cent from BBH mergers occurring at redshift z
> 8’

* E-mail: filippo.santoliquido @phd.unipd.it (FS); michela.mapelli@unipd.it
(MM); giuliano.iorio@unipd.it (GI)

(iv) The main data presented in this work are publicly available
on Zenodo at Santoliquido (2023).

(v) A new version of COSMORATE with this bug fixed is publicly
available on GitLab at this link.

We apologize for the inconvenience.
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Figure 2. Evolution of the BBH merger rate density with redshift R(z)
assuming the SFRD from H22, and the corresponding 95 per cent credible
interval. Solid lines: models with a flat-in-log IMF (LOG). Dotted lines:
Kroupa IMF (KRO). Dashed lines: Larson IMF (LAR). Dot—dashed lines: top-
heavy IMF (TOP). The shaded areas are 95 per cent credible interval evaluated
considering input uncertainty in A-SLOTH (see fig. 1 and section 2.3.1) for the
models LOG1 and TOPS.
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Figure 3. Evolution of the BBH merger rate density with redshift R(z) for all the 44 models considered in this work. Solid lines: models with a flat-in-log
IMF (LOG). Dotted lines: Kroupa IMF (KRO). Dashed lines: Larson IMF (LAR). Dot—dashed lines: top-heavy IMF (TOP). Upper left plot: H22 star formation

history, upper right: SW20, lower left: J19, and lower right: LB20.
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Figure 4. Detection rate Rge; of Pop. III BBHs, assuming the Einstein
Telescope triangle configuration (ET-D) and py, = 9. See section 2.5 for
details. Purple right-pointing triangles: SFRD from H22; blue squares: SW20;
green circles: J19; orange triangles: LB20.
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Figure 5. Median primary BH mass m; as a function of redshift, for all
the models considered in this work. The blue shaded area is the interval
from the 25th to the 75th percentile of the primary BH mass distribution at
fixed redshift for the LOG1 model. Upper left-hand panel: H22 SFRD model,
upper right-hand panel: SW20, lower left-hand panel: J19, and lower right-
hand panel: LB20. The grey thin solid line shows the median primary mass
of Pop. I-1I BBHs in our fiducial model (appendix A). The shaded grey area
is the corresponding 50 per cent credible interval.

MNRAS 528, 954-962 (2024)

$20Z Jaquieoa( G| uo 1sanb Aq 9G$S8G//HS6/1/8ZS/3I01e/Seluw/Wwod dno olwapeae//:sdiy Wol) papEojuMO(]



956  F Santoliquido et al.

—— LOGlI —— LOG3 LOGS KROS5 LARS TOP5
—— LOG2 —— LOG#4 = KROI ----- LARI ——- TOPI
350 H22 SW20

=
< a
215 Pop. I-1I median
g 10 Pop. I-11 50% C.I.
— LOGI1 50% C.I.
5

10 1520 1 2 345 10 1520
1

Figure 6. Same as Fig. 5 but for the secondary BH mass m;.
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Figure 7. Same as Fig. 5 but for the BH mass ratio g.
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Figure 8. Primary BH mass distribution m; for three different redshift bins (from left to right z = 0, 2, and 10) and the four SFRD models considered in this
work (from top to bottom H22, SW20, J19, and LB20). The grey shaded histograms show the primary mass distribution of Pop. I-Il BBHs in our fiducial model

(appendix A).
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Figure 9. Same as Fig. 8 but for the secondary BH mass m;.
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Figure 10. Percentage distribution of formation channels for all the models adopted in this work. Upper (lower) panel: Pop. IIl BBHs that merge at z = 10 (z =
0.1). Channel I includes all the systems that undergo a stable mass transfer before the first BH forms, and later evolve through at least one common-envelope
phase. Channel IT encompasses systems that interact only via stable mass transfer (no common envelopes). Channels III and IV consist in systems that experience

at least one common envelope before the formation of the first BH. The only difference between them is that one of the two stars retains a fraction of its H-rich

envelope until the formation of the first BH in channel III, while both stars have lost their envelope by the formation of the first BH in channel IV.
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Figure 15. The thick lines show the merger rate density evolution of Pop.
III BBHs with primary BH mass m; > 60 Mg. For comparison, the thin
lines show the total merger rate density evolution of Pop. III BBHs (for any
value of m). For all the models in this Figure, we use the Pop. III star SFRD
from H22 (fig. 1). The colours and line types refer to different initial orbital
parameters (table 1).
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Figure 17. Primary BH mass (red) and secondary BH mass (blue) of Pop. IIIl BBHs merging at redshift z = 0, (left), 2 (middle), and 10 (right) assuming the
star formation history from H22 and the initial binary orbital parameters as in model LOG1 (table 1). Here, we evolve pure-helium stars.
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Figure 18. Merger rate density of Pop. III BBHs born from pure-helium
binary stars assuming the star formation history from H22. Thick solid
blue line: pure-helium binary stars evolved with LOGI initial conditions.
Thick solid red line: we show only the merger rate density of BBHs with
primary mass >60 Mg, for pure-helium binary stars evolved with LOGI initial
conditions. Thick dashed orange line: pure-helium binary stars evolved with
LARS initial conditions. Thin solid blue (Thin dashed orange) line: model
LOGI1 (LARS) with pure-hydrogen binary stars for comparison.

DATA AVAILABILITY

The main data presented in this work are publicly available on Zenodo
at Santoliquido (2023). The latest public version of SEVN can be
downloaded from this repository.! COSMORATE is publicly available
on GitLab at this link.? Further data and codes will be shared on
reasonable request to the corresponding authors.
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APPENDIX B
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Figure B1. BBH Merger rate density evolution assuming the star formation
rate history from H22 and the initial binary orbital parameters as in model
LOGTI (table 1). Dashed, solid, and dotted lines refer to models with mass-
accretion efficiency fyr = 0.1, 0.5, and 1, respectively. Green, blue, and
yellow lines refer to models with « = 0.5, 1 and 3, respectively. The thick
solid blue line (with fyrr = 0.5 and & = 1) is the same as model LOG1 (solid
blue line) in Fig. 2. Finally, the dot—dashed magenta line (model QCBSE) is
the same as the solid blue line but adopts the mass-transfer stability criteria
by Hurley, Tout & Pols (2002).
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Figure B2. Primary BH mass distribution of Pop. IIl BBHs merging at redshift z = 0, (left), 2 (middle), and 10 (right) assuming the star formation history from
H22 and the initial binary orbital parameters as in model LOGI (table 1). Dashed, solid, and dotted lines refer to models with mass-accretion efficiency fut =
0.1, 0.5, and 1, respectively. Green, blue, and yellow lines refer to models with &« = 0.5, 1, and 3, respectively. The grey shaded histogram shows the distribution
of Pop. I-1I BHs for comparison. The model QCBSE (magenta line in Fig. B1) is not shown here, because it perfectly overlaps with model LOG1 (thick solid
blue line).
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