
 

Stellar Evolution (Single/Binaries)
Relativistic Binaries

Other Codes

Data and Code Structure



 

Parameterized stellar evolution tracks (single stars, Z = 2.10-2)
(All taken from Hurley, PhD Thesis 2000, see also Hurley et al. 2000, 2002, 2005)

SSE
Single
Stellar
Evolution



 

Parameterized stellar evolution tracks (single stars, Z=10-3)
(All taken from Hurley, PhD Thesis 2000, see also Hurley et al. 2000, 2002, 2005)

SSE
Single
Stellar
Evolution



 

SSE
Single
Stellar
Evolution

Parameterized stellar evolution tracks (radii, different Z)
(All taken from Hurley, PhD Thesis 2000, see also Hurley et al. 2000, 2002, 2005)



 

Parameterized stellar evolution tracks (radii, with/without wind)
(All taken from Hurley, PhD Thesis 2000, see also Hurley et al. 2000, 2002, 2005)

SSE
Single
Stellar
Evolution



 

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

(Left: from Hurley, PhD Thesis 2000, right SSE++ from Kamlah et al. 2022)

SSE SSE++



 

Parameterized stellar evolution tracks 
(IFMR for neutron stars and white dwarfs)

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

SSE++ SSE++



 

Parameterized stellar evolution tracks 
(IFMR for neutron stars and white dwarfs)

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

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

Change of orbital angular momentum due to wind mass loss in binary

Change of spin angular momentum (convective envelope, core Mass Mc)
Equilbrium tides according to Hut (1981) – circularization 

Dynamic Tides with radiative damping (Zahn 1977)

(All taken from Hurley, PhD Thesis 2000)



 

Gravitational Radiation (orbit averaged angular momentum loss
and Magnetic Braking (Warner 1995)

Roche Lobe Overflow (Eggleton 1983)
(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



Perihel shift

 ... higher order…

Grav. Radiation 

Schäfer, Gauge Theor. Grav. 36, 2223 (2004)
Memmesheimer, Gopakumar, Schäfer, Phys. Rev.D 70, 104011 (2004)
Blanchet, Luc; Living Reviews 2002, llr-2002-3

Binary Evolution Relativistic (Post-Newton)
(taken from Kupi et al. 2006, Brem et al. 2013, using references below and in these papers)



Spin-Orbit Interaction S / Spin-Spin SS

Faye, Blanchet, Buonanno 2006

Binary Evolution Relativistic (Post-Newton)
(taken from Kupi et al. 2006, Brem et al. 2013, using references below and in these papers)



        北京亚
奥 -2011

Rezzolla 
Final Spin
Formula

Brem,
Amaro-Seoane,
Spurzem,
MNRAS 2013

also

Kupi,
Amaro-Seoane,
Spurzem,
MNRAS 2006



Brem, Amaro-Seoane,
Spurzem, 
MNRAS 2013

Include
Spin-Orbit
Spin-Spin
PN3, PN3.5
Spin Dynamics

By Patrick Brem
(Diploma Thesis
Univ. Heidelberg)

1PN
2PN + 1.5PN SO
3PN + 2.5PN SO
2.5PN + 2PN SS
3.5PN

Binary Evolution Relativistic (Post-Newton)
(taken from Kupi et al. 2006, Brem et al. 2013, using references below and in these papers)



 

Binary Evolution Relativistic – current
(taken from Rizzuto et al. 2021, 2022, Arca Sedda et al. 2021, 2022, 

and DRAGONII Papers I,II,III, In preparation, using citations given here and cited in papers)

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

Orbit Averaged 
Post-Newtonian 
(Peters & Mathews 1963,
Peters 1964)
semi-major axis a,
Eccentricity a
(Rizzuto et al. 2021, 2022)



 

Other Codes
(Short, no details)



 

BIFROST

Time-symmetric
4th order
New CUDA

Minimum
Spanning
Tree

Algorithmic
Regularization

MNRAS 2021

MNRAS 2021

arxiv, subm. MNRAS 2022



 

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



 

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



 

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

Strong
Scaling
Of 
PeTar

On 
Juwels-Booster

Ampere GPUs
1 node =
4 GPUs

(unpublished
Data from
our team with
Long Wang)
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