Expanding the BoOST massive star models to explain

the formation of globular clusters
- Midterm Evaluation of Hanno Stinshoff -

Hanno Stinshoff

Nicolaus Copernicus University,
Academia Copernicana,
Faculty of Physics, Astronomy and Informatics

September 23, 2024

Hanno Stinshoff (NCU - AC) Midterm Hanno Stinshoff September 23, 2024



Expanding the
BoOST model grids

Hanno Stinshoff (NCU - AC) Midterm Hanno Stinshoff September 23, 2024 2/20



MOdel Pa rametel’ [1] Stinshoff et al., in prep.

10 20 40 80 150 300 500 Me=

0.005 0.01 0.02 0.05 01 0.2 0.5 1 e Zuw

| ‘ ‘ | ‘ | | ‘ Metallicity
Zizwis Zswe Zimc Zw
0 100 200 300 400 500 km/s

| | | rotational
velocity

Hanno Stinshoff (NCU - AC) Midterm Hanno Stinshoff September 23, 2024



The new mOdels = The BOOST fOI'mat [1] Stinshoff et al., in prep., [2] Szécsi et al.,

2022
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The new mOdels = YS at TAMS [1] Stinshoff et al., in prep.

500 o N

400 . ¢
Velocity in km00 / S 065

-

0

-1

b
Metallicity in 10g(Zmy)
15

s

Hanno Stinshoff (NCU - AC) Midterm Hanno Stinshoff September 23, 2024



The new mOdels = YS at TAMS [1] Stinshoff et al., in prep.

500 o N

400 . ¢
Velocity in km00 / S 065

-

0

-1

b
Metallicity in 10g(Zmy)
15

s

Hanno Stinshoff (NCU - AC) Midterm Hanno Stinshoff September 23, 2024



The new mOdels = YS at TAMS [1] Stinshoff et al., in prep.
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The new mOdels = YS at TAMS [1] Stinshoff et al., in prep.
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in prep.
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The new models - BoOSTed HRD (i stinshot et at., in prep.
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The new models - BoOSTed HRD () stinshot et at., in prep.
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Figure: v,or =300 km/s, Z = Zjzp18

Hanno Stinshoff (NCU - AC) Midterm Hanno Stinshoff September 23, 2024 8/20



models - BoOSTed HRD [1] Stinshoff et al., in prep.
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Project 2

Investigating the

winds of stellar

populations with
varying wind
descriptions
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GlObU Iar CIUSte rs [3] Caretta et al., 2009, [4] Szécsi & Wiinsch, 2019
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Application [4] Szécsi & Wiinsch, 2019
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Appl |Cat|on [4] Szécsi & Wiinsch, 2019
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Figure: Population with Kroupa IMF (cf. [5)), 0.02 Zyy (red) and Z = 0.5 Zyy (green),
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ReSU ItS [1] Stinshoff et al., in prep., [6], [7], [8] (see figure legend)
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Figure: Population with Kroupa IMF (cf. [s)), 500 Mg, upper mass limit, Z = 0.5 Zyy,
Lsc = [log(0.5 % M * szvind)
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ReSU ItS [1] Stinshoff et al., in prep.
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Outlook - Project 3

Creating new
populations to
investigate the mass
budget for second
generations of star
formation
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Outlook

@ Improvement on/Choices of the wind prescriptions
@ Improving the resolution in critical areas of the parameter space

@ Investigations of different IMFs
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Wl nd PreSCFi ptiOﬂS [1] Stinshoff et al., in prep., [2] Szécsi et al., 2022, [6], [7], [8], [9], [10] (see figure

legend)
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Wl nd PreSCFi ptiOﬂS [1] Stinshoff et al., in prep., [2] Szécsi et al., 2022, [6], [7], [8], [9], [10] (see figure

legend)
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OUthOk = IM F [1] Stinshoff et al., in prep., [5] Kroupa, 2001, [11] Maschberger, 2013
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Gas and
Radiation

Gravity
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Nonburning hydrogen

Hydrogen fusion
Helium fusion

Carbon fusion

Oxygen fusion

Neon fusion

Magnesium
fusion

Silicon fusion

Iron ash
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Abundances (log mass fraction)

Abundances (log mass fraction)
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@ young massive clusters have winds
stellar winds — collisions — shocked wind — outflow

@ thermal instability, rapid cooling
if the cluster is massive and compact enough

@ dense warm/cold clumps are formed
cluster gravity = clumps fall to the centre;

accumulation = self-shielding against EUV radiation
@ 2nd generation (2G) stars formed
enriched by products of massive stars chem. evolution
Basic parameters:
@ Lgc, Mgc « Mg, stellar evolution tracks

@ Rgc + eventually radial profile (Re, 3)
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The BONNSALI project

Select Stellar Models: | Choose stellar model. v

Observables | Correlations  Priors  Output Setting  Further Settings  Submit Page

Welcome to the BONNSAI web-service.

BONNSAI, the BONN Stellar Astrophysics Interface, is a Bayesian statistical method that is capable of
comparing all available observables simultaneously to stellar models while taking observed uncertainties and
prior knowledge such as initial mass functions and distributions of stellar rotational velocities into account.
BONNSAI can be used to (1) determine probability distributions of fundamental stellar parameters such as
initial masses and stellar ages from complex datasets, (2) predict stellar parameters that were not yet
observationally determined and (3) test stellar models to further advance our understanding of stellar

There are only four steps involved to submit a job:
@ Select stellar models to which the observables shall be matched.
[z] Provide the observables including their uncertainties.

@ Choose priors and output quantities.

[8) SCbmi your request:
Once your job is finished, you will receive an email with a link to your results.

To start submitting a job, select the stellar models to match your observables to from the above drop-down
menu. In case you have any i comments or st i do not hesitate to contact us. We hope you
enjoy using BONNSAL
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