Stellar Evolution (Single/Binaries)
Relativistic Binaries

Other Codes

Data and Code Structure



Parameterized stellar evolution tracks (single stars, Z = 2:10)

(All taken from Hurley, PhD Thesis 2000, see also Hurley et al. 2000, 2002, 2005)
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Figure 2.1: Selected OVS evolution tracks for Z = 0.02, for masses .64, 1.0, 1.6, 2.5, 4.0, 6.35,

10, 16, 25 and 40 M.,

Figure @4: Same as Fig. 2.1 but tracks are from the evolution formnlae.
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Parameterized stellar evolution tracks (single stars, Z=10)

(All taken from Hurley, PhD Thesis 2000, see also Hurley et al. 2000, 2002, 2005)
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Figure 2.2: Same as Fig. 2.1 for Z = 0.001. The 1.0 My post He flash track has been omitted  Figure 2.15: Same as Fig. 2.2 but tracks are from the evolution formulae.

For clarity.



Parameterized stellar evolution tracks (radii, different 2)
(All taken from Hurley, PhD Thesis 2000, see also Hurley et al. 2000, 2002, 2005)
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Figure 2.4: Radius evolution as a function of stellar age for M = 2.5M,,, for metallicities

0.0001, 0.001 and 0.02. 'l‘ra{:Mrmn the detailed models and run from the ZAMS to the point

of termination on the AGB.




Parameterized stellar evolution tracks (radii, with/without wind)
(All taken from Hurley, PhD Thesis 2000, see also Hurley et al. 2000, 2002, 2005)
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Figure 2.16: Synthetic Evnlutiau tracks on the HRD for a 5.0 Mg, star without mass loss (black

points) and with mass loss (red points). The cross marks where the WD cooling track begins.




Parameterized stellar evolution tracks
(IFMR = initial-final mass relation)

(Left: from Hurley, PhD Thesis 2000, right SSE++ from Kamlah et al. 2022)
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Parameterized stellar evolution tracks
(IFMR for neutron stars and white dwarfs)

(SSE++/BSE++ from Kamlah et al. 2022)

95l .|~ 126(Me) - AIC, MIC-, ECSNe . HeWp ® ONeWD
. e COWD

2.0

LBt

1.0}

05" SSE++

i 5 10 15 50

TH-ZA}»-IS(R:IG) ?nZAMS(l\"IG)




Parameterized stellar evolution tracks

(IFMR for neutron stars and white dwarfs)
(SSE++/BSE++ from Kamlah et al. 2022)

¢ updated metallicity dependent core-collapse SNe, their remnant
masses and fallback (Fryer et al. 2012; Banerjee et al. 2020),

e updated electron-capture supernovae (ECSNe), accretion-
induced collapse (AIC) and merger-induced collapse (MIC) rem-
nant masses and natal kicks (Nomoto 1984, 1987; Nomoto & Kondo
1991; Saio & Nomoto 1985, 2004; Kiel et al. 2008; Gessner & Janka
2018)

e (P)PISNe remnant masses (Belczynski et al. 2010, 2016;
Woosley 2017),

e updated fallback-scaled natal kicks for NSs and BHs (Fuller
et al. 2003; Scheck et al. 2004; Fryer 2004; Fryer & Kusenko 2006;

Meakin & Armett 2006, 2007; Fryer & Young 2007; Scheck et al.
2008; Fryer et al. 2012; Banerjee et al. 2020),

o and BH natal spins (see also Belczynski et al. (2020); Belczyn-
ski & Banerjee (2020)) from

— Geneva model (Eggenberger et al. 2008; Ekstrom et al.
2012; Banerjee et al. 2020; Banerjee 2021b),

— MESA model (Spruit 2002; Paxtonetal. 2011, 2015; Banerjee
et al. 2020; Banerjee 2021b),

— and the Fuller model (Fuller & Ma 2019; Fuller et al. 2019;
Banerjee et al. 2020; Banerjee 2021b).

ECSN = electron capture

Supernova
AIC = accretion induced
collapse
MIC = merger induced
Collapse

PISN = pair instability
Supernova
PPISN = pulsating PISN

NS = neutron star
BH = black hole

MESA = recent stellar
evolution model



Binary Evolution BSE (Sketched)

Taken from Hurley, PhD Thesis 2000, see also Hurley et al. 2000, 2002, 2005
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Dynamic Tides with radiative damping (Zahn 1977)

(All taken from Hurley, PhD Thesis 2000)



Binary Evolution BSE (Sketched)

Taken from Hurley, PhD Thesis 2000, see also Hurley et al. 2000, 2002, 2005
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Gravitational Radiation (orbit averaged angular momentum loss
and Magnetic Braking (Warner 1995)
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Roche Lobe Overflow (Eggleton 1983)
(All taken from Hurley, PhD Thesis 2000)



Binary Evolution Relativistic (Post-Newton

(taken from Kupi et al. 2006, Brem et al. 2013, using references below and in these papers)

r:v : relative distance, velocity; p=mm,/M: reduced mass (M =m, +m,)

v=p/M : mass ratio; n=r/r : unitvector in radial direction
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Binary Evolution Relativistic (Post-Newton

(taken from Kupi et al. 2006, Brem et al. 2013, using references below and in these papers)
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Figure 3.7: Comparison between the current final spin prediction and the actual
total angular momentum of the binary system.




Binary Evolution Relativistic (Post-Newton)

(taken from Kupi et al. 2006, Brem et al. 2013, using references below and in these papers)

Brem, Amaro-Seoane
Spurzem,
MNRAS 2013
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Binary Evolution Relativistic — current

(taken from Rizzuto et al. 2021, 2022, Arca Sedda et al. 2021, 2022,
and DRAGONII Papers |,11L111, In preparation, using citations given here and cited in papers)
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Orbit Averaged
Post-Newtonian

(Peters & Mathews 1963,
Peters 1964)

semi-major axis a,
Eccentricity a

(Rizzuto et al. 2021, 2022)

Implementation of
relativistic kick after
gravitational wave
Induced coalescence
(Arca Sedda et al. 2020,
2021, following papers
cited therein)



Other Codes

(Short, no details)



MSTAR — a fast parallelised algorithmically regularised
integrator with minimum spanning tree coordinates

MNRAS 2021

Antti Rantala?*, Pauli Pihajoki?, Matias Mannerkoski?, Peter H. Johansson?,
Thorsten Naab'

! Maz-Plarek-Instilut fir Astrophysik, Korl-Schwarzehild-Str. 1, D-85748, Garching, Germany
2 Department of Physics, Gustaf Hillstrimin katu 2, University of Helsinki, Finland

BIFROST

FROST: a momentum-conserving CUDA implementation of a Time-symmetric
hierarchical fourth-order forward symplectic integrator A% order
MNRAS 2021 New CUDA

Antti Rantala'*, Thorsten Naab', Volker Springel’

| Mex-Planck-Tnstitut Sur Asiropdvsik, Karl-Sehwarzschild-Sre 1, D-85748, Garching, Germany
Minimum
Spanning
Tree

BIFROST: simulating compact subsystems in star clusters using a

hierarchical fourth-order forward symplectic integrator code
arxiv, subm. MNRAS 2022

Antti Rantala!*, Thorsten Naab!, Francesco Paolo Rizzuto?, Matias MannerkoskiZ, Algorithmic

Christian Partmann', Kristina Lautenschiitz' Regularization

| Mux-Planck-Tnstitut Siir Astrophysik, Karl-Schwarzsehild-Sie. 1. D-85748, Garching, Germany
Eﬂ:'panmmr of Plivsics, University of Helsinki, PO Box 64 (Custaf” Hallstromin Ratwe 2), FI-0000L, University of Helsinki, Finfand



PETAR — a hybrid N-Body — Tree — Code (P3T)

A slow-down time-transformed symplectic integrator for
solving the few-body problem

lori? dlld Junichiro I'\[cikllm

3, Japan

PeTar: a high-performance N-body code for modeling massive
collisional stellar systems

Long Wang,">* Masaki Iwasawa,”* Kei 20 Nitadori? and Junichiro Makino®*

'ﬂr.;unmenrr',f '!'.J'.mmrnn School of Science, The flnntnrh of Tokye, 7-3-1 Hongo, Bunkyo-ku, Tekyvo, £13-0033, Japan
2RIKEN Center i L"r.arrrlr.::rrmr'r.'nu.l' Srien -1-26 Minatojimea-minami-machi, Chuo-ku, Kobe FO-CKMT, Fapen
1."-. cetfenctl f.' wlittele u,r Ti gy, ‘rf.m e Lr dlepe, 14-4, hr'.nr e.f.:rrmr Lhu ‘h‘uh e, ’:?!rrmmrl ll’r %, Japain




PETAR - a hybrid N-Body — Tree — Code

short-range interaction (Hs)
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PETAR - a hybrid N-Body - Tree — Code (P3T)

primordial binary fraction = 10%
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nodes, 10k to 8m particles, 10% binary
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