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Big Bang nucleosynthesis.







| Okay, but’... ,

...how to observe these early stars7
: : 0 these GW- progemtors?
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. Simulating YMCs
~under the inﬂﬁencé of the First " ' g
(and Second etc.) Stars '

young massive clusters have winds Star cluster wind

stellar winds — collisions — shocked wind — outflow

thermal instability, rapid cooling

if the cluster is massive and compact enough

dense warm/cold clumps are formed s unstale regions

cluster gravity = clumps fall to the centre;
accumulation = self-shielding against EUV radiation hot gas

2nd generation (2G) stars formed ' \
enriched by products of massive stars chem. evolution

. Credit: R. Wiinsch (ASU)
Basic parameters:

@ Lgo, Msc + Myg, stellar evolution tracks

@ Rgc + eventually radial profile (Rc, 3)
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RHD simulations:

(Winsch+17):
@ AMR code Flash, 5123 (finest)
(Fryxell+00)

@ opt. thin cooling (Schure+09)
@ fixed stellar gravity, self-gravity
— tree code (Wiinsch+18)

@ ionising radiation
— TreeRay (Winsch +2021)




From 3D hydro to semi-analytic (quick)
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Mass accum,ulat’iqon:
Mlt’t‘(t) = f’bs fo o [qm(r. ') - Qm,crit (s t’)]drdt/

rate of the clump formation is given by gm — qm_ crit

only clumps formed with v < v, accumulate



From 3D hydro to semi-analytic (quick)

RHD simulations:




...and adding BoOST stellar models (Bonn code)

mD s‘"‘”'a"""s Semianalytic model: )
S s, 5125 (st | CrovaioeClogs a5, ikcheo, wonscne 7
(Fryxell+00)

9 opt. thin cooling (Schure+09)

© fked stelar graviy sll-gravy

* tree code (Winsch+18)

o ioising adition

= TreoRay (Wansch +2021)
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The BoOST project
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...and adding BoOST stellar models (Bonn code)

RHD simulations: Semianalytic model:

(s (Chovallor&Clogg+85, Silchs04, Wansch+17)

@ AMR code Flash, 512° (finest)
(Fryxells00) L8 (ourt) = am
9 opt. thin cooling (Schures09)
9 fixed stellar gravity, self-gravity
> tree code (Wanschs18)
@ onising radiation
— TreoRay (Wnsch +2021)
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...and adding BoOST stellar models (Bc

BT Semianalytc model: '
SREEHE - crc (ChovaloraClogg8s, Sichs0s, Wonsche17)
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HEDsmsicae Semianalytic model: '
@ AMR code Flash, 512° (finest) W CrovatorsCloggess, Sichvos, Wansche17)
(Foycodd)
o oo i coling (Schures09)
© e siotar iy, soiormty
ree code (Wonechi18)
@ iorisng radion
—» TreeRay (Wiinsch +2021)

)
L
<
aQ
e
z

2G stars forming!




FlHD slmulmlons
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l

Semianalytic model:
(Chevalier&Clegg+85, Silich+04, Wiinsch+17)
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'~ But most ‘i'r'npOrtant‘ly.f....' e



Connecting G.Clusters & Gravitational Waves
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Connecting G.Clusters & Gravitational Waves

- IC .
predictions from the very same populations!

. specialiy d‘esigned framework:

both stellar feedback & remnants

Black holes

Black holes

p 5
Blackholes Blackibles

Black holes 1 Black holes Koushik Sen

#
Blagholes

E 1

Stay tuned!






Some more results from my OPUS group

* Testing stellar models simultaneously not only in Globular Cluster and

Gravitational Wave but ALSO in Gamma-ray burst research:

Observational LGRBs
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