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|. Motivation: What makes VMSs special over
normal massive stars?
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1. No amount of O stars can produce the features 1 VMS produces:

¥ All the Hell 1 164( emission comes from VMSs (Crowther et al. 2016)

Crowther et al. (2016)



1. No amount of O stars can produce the features 1 VMS produces:

¥ All the Hell 1 164( emission comes from VMSs (Crowther et al. 2016)

¥ Very massive stars are objects with M, ... I 100M. | observed as WNh spectral type (Vink 2015)

Crowther et al. (2016)

Crowther & Walborn (2011)



2. Very large convective cores:

¥ Convective-core-to-total mass

Increases with nitial mass

¥ For stars above 100M. , a huge

Mcore/ Minit (ZAMS)

1.0

0.81

0.61

0.4-

0.2

0.0

fraction of the star iIs In the
convective core

B « S <
e O
Fully mixed %
o
c o ©

Sabhabhit et al. (2022)

300

400

(Yusof et al. 2013, Hirschi 2015, Sabhahit et al. 2022)



2. Very large convective cores:

¥ Convective-core-to-total mass

Increases with nitial mass

¥ For stars above 100M. , a huge

Mcore/ Minit (ZAMS)

1.0

0.81

0.61

0.4-

0.2

0.0

fraction of the star iIs In the
convective core

O 6
e O
Fully mixed %
Q
o« o ©

Sabhabhit et al. (2022)

300

400

(Yusof et al. 2013, Hirschi 2015, Sabhahit et al. 2022)

Vink (2023)



3. They are basically O stars on steroids:

¥ Whatever O stars can do, VMSs can Vink (2000)

do better
WNh

¥ Higher luminosities
¥ Stronger optically thick winds
¥ Higher chemical yields (both

because of stronger winds and # CWR
large conv. core)

O stars



3. They are basically O stars on steroids:

¥ Whatever O stars can do, VMSs can Vink (2000)

do better
WNh

¥ Higher luminosities
¥ Stronger optically thick winds

¥ Higher chemical yields (both
because of stronger winds and # cWR
large conv. core)

¥ Only thing against them is the IMF

¥ But at low Z, IMF might be top O stars

heavy?



Il. How Important is mass loss for VMSSs



MESA experiment with mass loss:

Reference: Stellar expansion or in3ation? Sabhahit & Vink (2025)
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MESA experiment with mass loss:

Reference: Stellar expansion or in3ation? Sabhahit & Vink (2025)
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MESA experiment with mass loss:

Reference: Stellar expansion or in3ation? Sabhahit & Vink (2025)
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MESA experiment with mass loss:

Reference: Stellar expansion or in3ation? Sabhahit & Vink (2025)
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MESA experiment with mass loss:

Reference: Stellar expansion or in3ation? Sabhahit & Vink (2025)
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MESA experiment with mass loss: affects everything downstream

Reference: Stellar expansion or in3ation? Sabhahit & Vink (2025)
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Quick tangent: In (3ation Is different from post-MS expansion

Reference: Stellar expansion or in3ation? Sabhahit & Vink (2025)
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Quick tangent: In (3ation Is different from post-MS expansion

Reference: Stellar expansion or in3ation? Sabhahit & Vink (2025)
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Il. How Important Is mass loss for VMSs

1. Mass loss very important for VMSs
2. Affects feedback, ionising [3ux production



l1l. How do we predict wind properties of VMSs



Empirical determination: Recombination line diagnostics

(Puls et al. 2008 review, Crowther et al. 2010, Bestenlehner et al. 2014)
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Empirical determination: Recombination line diagnostics

(Puls et al. 2008 review, Crowther et al. 2010, Bestenlehner et al. 2014)
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Empirical determination: Recombination line diagnostics

(Puls et al. 2008 review, Crowther et al. 2010, Bestenlehner et al. 2014)
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Empirical determination: Recombination line diagnostics

(Puls et al. 2008 review, Crowther et al. 2010, Bestenlehner et al. 2014)
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Empirical determination: Recombination line diagnostics

(Puls et al. 2008 review, Crowther et al. 2010, Bestenlehner et al. 2014)
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Empirical determination: Recombination line diagnostics

(Puls et al. 2008 review, Crowther et al. 2010, Bestenlehner et al. 2014)
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CAK analytical mOdEI: (Castor et al. 1975, Abbott 1982, Pauldrach et al. 1986)
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CAK analytical mOdEI: (Castor et al. 1975, Abbott 1982, Pauldrach et al. 1986)
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CAK force multiplier

CAK analytical mOdEI: (Castor et al. 1975, Abbott 1982, Pauldrach et al. 1986)
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CAK analytical model and its failure for VMSs:
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CAK analytical model and its failure for VMSs:

lOgFrad
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Multi-line scattering and Monte-Carlo calculations:
(Abbott & Lucy 1985, Lucy & Abbott 1993, Gayley et al. 1995, Owocki & Gayley 1999, Vink et al. 2001, Vink et al. 2011)

Abbott & Lucy (1985)



Multi-line scattering and Monte-Carlo calculations:
(Abbott & Lucy 1985, Lucy & Abbott 1993, Gayley et al. 1995, Owocki & Gayley 1999, Vink et al. 2001, Vink et al. 2011)
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Multi-line scattering and Monte-Carlo calculations:
(Abbott & Lucy 1985, Lucy & Abbott 1993, Gayley et al. 1995, Owocki & Gayley 1999, Vink et al. 2001, Vink et al. 2011)

Abbott & Lucy (1985)
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Transition mass-loss estimation:

Vink & GrSfener 2012)
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Transition mass-loss estimation:

Vink et al. (2011)
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Transition mass-loss estimation:

Vink et al. (2011)
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Next-gen hydrodynamical wind-atmosphere simulations:
(GrSfener & Hamann 2008, Sander et al. 2017, Sabhabhit et al. 2025a)



Next-gen hydrodynamical wind-atmosphere simulations:
(GrSfener & Hamann 2008, Sander et al. 2017, Sabhabhit et al. 2025a)
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Next-gen hydrodynamical wind-atmosphere simulations:
(GrSfener & Hamann 2008, Sander et al. 2017, Sabhabhit et al. 2025a)
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So how does hydro works?
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So how does hydro works?
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So how does hydro works?
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So how does hydro works?
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I1l. How do we predict wind properties of VMSs

Empirical: H v - plagued by clumping uncertainties
CAK - fallure due to multiple scattering

Monte Carlo and the kink
Transition mass-loss rate (only works at O-WNh transition)

Hydrodynamical POWR models



V. Wind properties of VMSs using POWR-HD



Wind driving:



Wind driving: Lines dominate

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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Wind driving: Iron dominates

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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Wind driving: FelV dominates

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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Wind driving: other ions

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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New hydro- mass-loss rate predictions for (very) massive stars:

¥ Large grid of 200+ hydro-models varying L, T, M, H composition  (Sabhahit et al. 2026a,b)



New hydro- mass-loss rate predictions for (very) massive stars:

¥ Large grid of 200+ hydro-models varying L, T, M, H composition

¥ Kinks universally present
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Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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¥ But how do we capture it in one function?

Jog(M¥)

¥ With a double sum exponential

109(&)

& &

, . atog b#og
logM = log M. + log | 10 C8ekink) 410 ¢ Gepnk | 4 f(L, T, X)
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New hydro- mass-loss rate predictions for (very) massive stars:

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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New hydro- mass-loss rate predictions for (very) massive stars:

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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New hydro- mass-loss rate predictions for (very) massive stars:

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)

LetOs test these rates on the ZAMS: log 7 = log I\ﬁ,lo +log [ 10
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Kinks everywhere, butE &% "' %1 at the kink!E which is consistent with MC
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Hydrodynamical rates agree with the Arches transition rate:

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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Hydrodynamical rates agree with the Arches transition rate:

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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Hydrodynamical rates agree with the Arches transition rate:

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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Wind lines In the spectra:

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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Wind lines In the spectra:

Reference: Hydrodynamical mass-loss rates for very massive stars (Sabhahit et al. 2026a,b)
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