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QO Abstract We investigate the formation of dust in a stellar wind during the red-supergiant (RSG) phase of a very massive Population
111 star with a zero-age main sequence mass of 500 Msun. We show that, in a carbon-rich wind with a constant velocity, carbon grains can
form with a lognormal-like size distribution, and that all of the carbon available for dust formation finally condenses into dust for wide
ranges of the mass-loss rate ([0.1-3]x10~% Msun yr=1) and wind velocity (1-100 km s71). We also find that the acceleration of the wind, driven
by newly formed dust, suppresses the grain growth but still allows more than half of the gas-phase carbon to finally be locked up in dust
grains. These results indicate that, at most, 1.7 Msun of carbon grains can be produced during the RSG phase of 500 Msun Population 111
stars. Such a high dust yield could place very massive primordial stars as important sources of dust at the very early epoch of the universe if
the initial mass function of Population 111 stars was greatly weighted to a much higher mass than that of the present stellar population.

O Model of a RSG with Mzams = 500 Msun (Yoon et al. 2012) O Model of circumstellar envelope
= Lstar = 1072 Lsun, Tstar = 4,440 K, Rstar = 6,750 Rsun = spherically symmetry, constant wind velocity
= Ac =3.11x1073, Ao = 1.75x10® = C/ O = 1.78 (C-rich) = density and temperature profile
] Ny
O Calculations of dust formation P = a = (ﬁ) I(r)=1. (%)

= formula of non-steady-state dust formation (Nozawa & Kozasa 2013)

. X . . . # Mdot and vw are treated as free parameters
= Table 1 : chemical reactions considered in this study

| e wind velocity : vw = 20 km/s
= mass-loss rate : Mdot = 3x10-3 Msun yr-!

(1) Model A c Co1+C=0C, (n22)

(2) Model B C2H 2(CzH + H) = Ca, + 2Hy (n=2) = fc = 1, which is a fraction of carbon atoms available for dust
Conn) +C2H+H=Con +H2  (n23) formation after the formation of CO molecules
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O Results of dust formation calculations (Fig. 1) B PR ' ‘ 107 f o ]
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O Dependence on Mdot and vw (Fig. 2) /R grain radius; a (um)
. . . Fig. 1 — (a) Formation rate of seed clusters with n* = 100, divided by the nominal concentration of the key
= The average grain radius becomes larger for a higher mass-loss rate molecules (I*, solid), condensation efficiency (feon, dotted), and average grain radius (aave, dashed) as a
0.88 3 H 1.75 function of distance from the center of the star (r/Rstar), and (b) final size distribution spectrum by mass of
(aave'” ¢ Mdot ) and/or a lower wind VeIOCIty (aave,w o vw ) newly formed C grains for a mass-loss rate Mdot = 3x10-3 Msun yr-1, a wind velocity vw = 20 km s, and fc = 1.
= The condensation efficiency of dust is unity for the condition: The thick lines represent the results for Model A where the chemical reaction (1) in Table 1 is considered for

the formation of clusters, while the thin lines represent those for Model B with the chemical reaction (2).
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O Effects of wind acceleration on dust formation (Figs. 3 and 4) N N b , ‘
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= Momentum equation of wind acceleration (Ferrarotti & Gail 2006) 1, My (Mg 3770 wind veloeity; v, (km &%)
" dvy, S GM. - Iw("\'fm(T» Fig. 2 — Final average radius aaw,, and final condensation efficiency fcon,~, of C grains formed in the
Y odr = r2 {reGM outflowing gas; (a) as a function of product fc Mdot for vw = 20 km s%, and (b) as a function of vw for fc Mdot =
- 3x10°3 Msun yr-L. The thick solid lines represent the results for Model A, while the thin dashed lines represent

5 - - . those for Model B.
= The wind is rapidly accelerated to > 100 km s, reducing the growth

rate of grains and the formation rate of seed clusters
= The formation of small grains at later phases, as well as the gradual
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= Dust ejection efficiency by very massive Population 111 RSGs F o} ““ -] - ; .
=» XvMs = Mdust/ MzAms < 3.4x1073 - :2" E AL LN ; ' initial wind 1? ity (knio?‘)
= Dust ejection efficiency by core-collapse supernovae (CCSNe) 8 10 1z 14
r/R, . -
=» XCCsSN = (0.1-30))(10'3 Fig. 3 — Wind velocity vw (upper panel), formation ;'85' Aa;dsfc:: L':e\fwsoh?nwtth:ecgige‘:’?fhn;e’i:;
Dust production efficiency of Population 111 RSGs is comparable rate ;’V'ejzgg gg:zf;'ve (fg‘:gf";:;g)":Sffa'cf'j;'gtyiufnwg% acceration for Model Aith fcMao = 3x10?
with, or slightly less than that of CCSNe r/Rstar for model A with the wind acceleration. The s e[ dashed]lineslshawjihelaverage

initial wind velocity and mass-loss rate are set to be radius aav.1 and condensation efficiency fon.t

=» very massive Population 111 RSGs could be important sources of o = 30 km i and Mdoi= 3x10° M yri  1ust before the grain growth is depressed by
dust if the IMF of Population 111 star was highly top-heavy respectively. The dashed lines in the lower panel are  Wind acceleration.

the results withoutwind acceleration.




