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This is an erratum to the paper ‘The solar wind in time - II: 3D
stellar wind structure and radio emission’, which was published
in MNRAS, 483(1), 873, 2019 (Ó Fionnagáin et al. 2019). In
Section 4.1, ‘Radiative transfer model’, we outline the calculations
to determine radio emission from the stellar winds simulated earlier
in the work. Equation (16) defines the absorption coefficient of
the plasma. While this equation is correct, there was a typo in the
radiowinds code. In our simulations ni = ne = n/2 and n2 = n2

i /4,
however in the code to calculate absorption coefficients this was
written as n2 = (ni/4)2, giving absorption coefficients 4 times smaller
than anticipated. The typo in the radiowinds1 python module has
been rectified.

This has the effect of increasing radio fluxes from these stellar
winds by a factor of 4, which does not effect the scientific results
of the paper, and in fact, further supports the discussion made in
Section 5. Due to the factor of 4 increase in predicted stellar wind
fluxes, the following numbers should be updated in the text:

(i) the radio flux density of κ1 Cet quoted in Section 4.2, the
Abstract and Section 5 should change from 0.73 μJy to 2.83 μJy.

(ii) the radio flux density of χ1 Ori quoted in Section 4.2 and
conclusion should be updated from 2.2 μJy to 8.3 μJy. This is only
a factor of 10 smaller than the upper limits set by Fichtinger et al.
(2017). Emission at 100 μJy would require a base density only three

� E-mail: ofionnad@tcd.ie
1radiowinds is available at github.com/ofionnad/radiowinds

times larger (≈6 × 109 cm−3 instead of the quoted ≈1010 cm−3)
than base densities we used in our work. From this we can derive that
the mass-loss rate of χ1 Ori is no larger than 1.4 × 10−11 M� yr−1

instead of the quoted value, 2 − 3 × 10−11 M� yr−1.
(iii) Changes to radio flux density calculations for other stellar

winds are updated in Table 2.

Although our updated values do not change the main conclusion
of our paper, the detectability of these winds looks more promising
(see Fig. 8a):

(i) χ1 Ori is now partially detectable by VLA at frequencies
between 1 and 2 GHz, ignoring other sources of emission.

(ii) Both optically thick and thin regimes of χ1 Ori and κ1 Cet
should be readily detectable by SKA1-MID.

(iii) The optically thin regimes of all other stars in the sample
should be detectable by SKA2-MID, with the optically thick
regimes possibly detectable for HD 190771, HD 76151, and 18
Sco.

(iv) The coefficient and power index for equation (21) have been
updated to reflect the updated flux densities.

Sν,1GHz = 0.68
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μJy (21)

The updated figures and tables are shown below. We thank Robert
Kavanagh for bringing this typo to our attention.
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Figure 7. Example of intensity and optical depth for κ1 Ceti at observing frequencies of 100 MHz (top left), 300 MHz (top right), 600 MHz (bottom left)
and 1 GHz (bottom right). The green colour scale represents the intensity of emission from the wind, looking along the line-of-sight of our simulation grid.
The dashed black contour represents the region where the wind becomes optically thick, according to Panagia & Felli (1975), τ = 0.39). We can see that the
emission is anisotropic due to the anisotropy of the wind density and temperature. The intensity reaches a maximum in the thin regime, as we can see emission
from the entire wind. The white circle denotes R = 1 R�. Plasma in front of the star still emits in radio, but we have excluded any contribution from behind the
star along the line-of-sight.
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Figure 8. Top: We see that the radio spectra for each wind are very similar
in shape. Differences in flux density are strongly affected by distance to the
object. The dashed lines represent the optically thin part of each spectrum,
and there are differences in where the emission becomes optically thin from
star to star at the frequency νthin. The black arrows indicate the observational
upper limits of κ1 Ceti found by Fichtinger et al. (2017). From the same
work we mark the chromospheric detections of χ1 Ori (purple stars), using
both VLA and ALMA, which is concluded to originate from chromospheric
emission. Our results show this conclusion to be valid as we predict the
wind to emit at much lower fluxes. Sensitivities of the current VLA and
future SKA1-MID and SKA2-MID are included shaded in green, red, and
blue respectively (SKA sensitivities from Pope et al. 2019 and adjusted for
2 hour integration time. Bottom: Here we normalised spectra in the top panel
to a distance of 10 pc. This allows direct comparison of radio emission to
an ageing solar wind. As the stars age and spin-down the radio emission
decreases by an order of magnitude between 500 Myr and 4.6 Gyr.

Figure 9. Normalised flux density at 1 GHz as a function of stellar rotation.
We see a tight fit to this power-law (see equation 21), with an almost linear
dependence of stellar wind radio flux on stellar rotation at 1 GHz.

Table 2. Predicted radio emission from our stellar wind models. Example
fluxes at a frequency of 6 GHz are given (S6GHz), in this case we find
that all of the winds would be optically thin at this frequency. The power
law fit to the spectra was conducted between 0.1 and 1 GHz, giving the
coefficient (S0) and power index (φ). However, the spectral slope between
these two frequencies varies substantially, tending to shallower slopes at
higher frequencies. Depending on the fitting range, slopes can range from
0.6 to 1.5. All slopes tend to −0.1 in the thin regime. The final column gives
the frequency at which each wind becomes optically thin (νthin).

Star S6GHz (μJy) S0 φ νthin (GHz)

χ1 Ori 8.28 2.78 1.26 2.80
HD 190771 0.73 0.39 1.32 1.85
κ1 Ceti 2.83 1.67 1.35 2.13
HD 76151 0.55 0.37 1.41 1.61
18 Sco 0.60 0.40 1.40 1.63
HD 9986 0.19 0.13 1.42 1.63
Sun max (10 pc) 0.94 0.63 1.55 2.01
Sun min (10 pc) 0.93 0.62 1.47 2.00
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This paper has been typeset from a TEX/LATEX file prepared by the author.
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