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What is a rapid pop synth code

Rapid pop synth codes evolve million-billion of stars/binaries to
study the properties of stellar populations*

(*Hydrostatic/hydrodynamic codes too slow,
but necessary to tune rapid pop synth parameters)




What is a rapid pop synth code

Rapid pop synth codes evolve million-billion of stars/binaries to
study the properties of stellar populations*

- Initial stellar populations:
i #¥ Masses, Metallicity,
Binary parameters

Analytic/Semianalytic \}/

stellar and binary evolution \ Star/Binary properties
.y
D 5. — Population statistic
Parameters, — @ across time
Presciptions (e.g. SN) + s

(*Hydrostatic/hydrodynamic codes too slow,
but necessary to tune rapid pop synth parameters)



Why SEVN

Most rapid pop synth codes™ evolve stars using fitting equations based
on old stellar tracks (Pols+98): difficult to adapt to new stellar evolution models

*E.g. BSE (Hurley+02), MOBSE (Giacobbo+18),
COSMIC (Brevik+19), COMPAS (Riley+21)



Why SEVN

Most rapid pop synth codes™ evolve stars using fitting equations based
on old stellar tracks (Pols+98): difficult to adapt to new stellar evolution models

Stellar EVolution N-body

Based on the idea developed
by Mario Spera, Alessandro Trani, Michela Mapelli
(Spera+17,Spera+19)

« Stellar evolution through interpolation of precomputed stellar tracks

 Precomputed stellar tracks can be easily added to use the most updated stellar
evolution models

./sevnB.x —tables tables/SEVNtracks_parsec_AGB

Binary evolution
» Analytic/Semi-analytic prescriptions:

» Wind mass accretion
» Roche-Lobe overflow 2 PISN models

> Stellar tides . _
» Common Envelope E.g. BSE (Hurley+02), MOBSE (Giacobbo+18),

> GW orbital decay COSMIC (Brevik+19), COMPAS (Riley+21)

4 SN models



SEVN “in production”

Only rapid pop synth based on tracks interpolation publicly available*

https://gitlab.com/sevncodes/sevn

» Userguide

» Wiki with FAQ and examples of SEVN output analysis

> Python and bash scripts for compilation and execution

> Available stellar tracks from PARSEC (Bressan+12,
Costa+21,Nguyen+22) and MIST (Choi+16)

« SEVN &

X Project ID: 41298902 [

-0- 68 Commits ¥’ 6 Branches <7 2Tags [ 73.6 MB Project Storage ¥ 2 Releases

*Other Pop synth implementing similar strategies are

COMBINE (Kruckow+18), *Poseidon (Fragos+23),
METISSE (Agrawal+22, Agrawal+20) is available but strongly based on MESA tracks


https://gitlab.com/sevncodes/sevn

SEVN “in production” *

Only rapid pop synth based on tracks interpolation publicly available*

lorio+23*: SEVN presentation and study of
merging of binary compact objects (BCOs) with PARSEC tracks

10~* 1073 107%  1(
104b. = QCBSE]
_—- «+— MOBSE (Giacobbo+18)

Sgalletta+23: N + PARSEC to study the population
of Galactic BNS (predictions for SKA)

*https://gitlab.com/sevncodes/sevn
**lorio et al., 2023, MNRAS in print, arXiv: arXiv:2211.11774



https://ui.adsabs.harvard.edu/abs/2022arXiv221111774I/abstract
https://gitlab.com/sevncodes/sevn

SEVN structure & algorithms

> Written in C++ (std C++11)

> Object-oriented for flexibility and maintainability

» Stand-alone code: no external libraries

> Executables + Library (dynamic and/or static)
(Ongoing pairing with N-body codes)

> Cmake for compilation and library linking

find_package( )

( )

message("

()

message(

()

add_executable(

( )

message ("

target_link_libraries(




SEVN structure & algorithms

Adaptive timestep

> repeat if properties change to much (e.g. >5%)
» predict next time step based on current variations

102

Nstep
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SEVN structure & algorithms

Stellar evolution interpolation

> 4 Interpolating tracks for each (Mzams, Z)
> Interpolate properties through a weighted mean
(depenging on Mzams, Z) of the tracks at the same plife

plife = i
Atphase
__ Star to interpolate 35 0. -
. Star to interpolate —__ | = oTS===ao__
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©
E U/ \J o
© = T
£ G 27.5
< 2
£ ? 25.0
ﬁ o o =
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° —— Mzams=30 Msun, Z=0.014
200] =~ Mzams=35 Msun, Z=0.01
® SEVN SSE tables e | —— Mzams=35 Msun, Z=0.014
17.5{ = Mzams=33 Msun, Z=0.012
Z1 o o2 04 o6 o8 1
Metallicity 0.0 0.2 0.4P”feo.6 0.8 1.0
. ATM, the track interpolation is not parallelised
Sﬁlll (but some compilers seems to exploit AVX vectorisation)




SEVN parallelisation

> OpenMP to evolve in parallel chunk of initial conditions oﬁﬁm
> Each thread produce its own outputs
» “Splitted” output files make easier to analyse the simulations

in “distributed environments” (e.g. using dask, spark)

Initial conditions

Load data chunk Select chunk _dimension at
| runtime

OpenMI? Chunk dispatcher Select N threads at runtime

l l l

Thread_o Thread_-l .......................... Thread_N

Evolve sub-chunk Evolve sub-chunk «::cccceeeeeeeeeceeinnnn Evolve sub-chunk
v v v

output_0 logfile_0 output_1 logfile_1 output_N logfile_N




SEVN future needs

Not really accelerators...

SEVN does not really require accelerators
(true for rapid pop synths in general)
Ideally: Nodes with efficient 1/0, high performance cpus (avx?)

. but solutions for storage and services

Large and efficient memory storages (~1-100 T)

Resources to develop databases, query system, distributed
data analysis

Servers to run SEVN as a service and use APl (something

similar to Amazon elastic) EHH1E
Thank you! @)ﬁ"‘"

| "Ll
https://gitlab.com/sevncodes/sevn EE



https://gitlab.com/sevncodes/sevn

Backup
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Performance

Running times evolving 1e6 binaries

@ Scighera: 32 cores (64 threads) @ 2.30GHz
[l Demoblack: 192 cores @ 2.70GHz
0 Mac laptop: 4 cores (8 threads) @ 3.10GHz
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SEVN structure & algorithms
[ smers /|

* Initial
read I/O conditions

Y OpenMP

evolve star(s)

parallelization

apply binary
? processes
switch to next
Update stellar and star
binary properties
changed no

all systems

too much or check change

special case*? of track finished? yes
l yes
L write output
adjust timestep
yes P yes
save properties —>
no

C End )<_




SEVN structure & algorithms

Mass
SoT T > Radius

SN explosion

SN kicks

Semiamjor-axis

Eccentricity

16

Common envelope

Roche-Lobe overflow




SEVN structure & algorithms

> Synchronous evolution

> Adaptive time step
1o
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* Repeat if properties change to much (e.g. >5%)
* Predict next time step based on current variations

 ATM, the evolution step is not parallelised
ﬁﬁ — (but some compilers seems to exploit AVX vectorisation)
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SEVN

Mass lost/accreted in
binary > 1% of the total
mass

Yes

has a has a
core? core?
Yes
No
No

\

Stay on the
same track

Stellar Merger> <

change of tracks

pure-He star

Turn back to
H-rich star

Search for a new track
matching the total mass
(linear method)

convergence
?

No

i

Consider the best match
among the ones tested

Yes

Search for a new track
matching the innermost
core mass
(bisection method)

convergence
?

Search a new track

matching the outermost
core mass
(bisection method)

convergece
?

Yes
Change track )‘/
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SEVN results

lorio+23*: SEVN presentation and study of
merging of binary compact objects (BCOs) with PARSEC tracks
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* First comprensive study of BCOs using PARSEC tracks
 Difference in SSE can have a dramatic impact of the BCO populations
 Parameter of the Binary evolution and SSE models are correlated

*lorio et al., 2023, MNRAS in print, arXiv: arXiv:2211.11774
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https://ui.adsabs.harvard.edu/abs/2022arXiv221111774I/abstract

SEVN results

Costa+23*, Santoliquido+23**: Use SEVN and PARSEC tracks of poplll stars

to study merger of binary black hole (BBH) from poplll populations
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— LOGI LOGS =--+ LARI TOPS
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Santoliquido+23

0

4 8 12 16 20 24 28
Cosmological Redshift (z)

 Mild difference between poplll and popll concerning merging BBHs
 Only 3.3% of BBH mergers have primary mass above 100 Msun
* Prediction for Einstein Telescope: 10-10000 pop lIl BBH mergers per year

*Costa et al., 2023, arXiv:2303.15511

**Santoliquido et al., 2023, arXiv:2303.15515

32


https://ui.adsabs.harvard.edu/abs/2023arXiv230315511C/abstract
https://ui.adsabs.harvard.edu/abs/2023arXiv230315515S/abstract
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SEVN results

Sgalletta+23*: Use SEVN and PARSEC tracks to investigate the population of binary

neutron stars (BNS) in the Milky Way 0.44
T4=0.1, T4=0.1, FL T4=0.1, F
10-14 - ' 1 0.36
.Q o
10718 - ® o Pt 0.28
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1018 4 Q@
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 Properties of Galactic BNSs are reproduced
« Constrain on initial distribution of magnetic field and spin (both uniform)
* Prediction for SKA: ~20 new BNS detections in the MW

*Sgalletta et al., 2023, arXiv:2305.04955



https://ui.adsabs.harvard.edu/abs/2023arXiv230504955S/abstract
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Available Tables

Tables in SEVN H-rich stars:
Name Mass range Z range Notes
[Msun]
Most updated tracks from
SEVNtracks_parsec_ov05_AGB 2.2 - 450* 1E-11 - 0.04 PARSEC with overshooting
parameter = 0.5
Most updated tracks from
SEVNtracks_parsec_ov04_AGB 2.2 -600 1E-4 - 0.04 PARSEC with overshooting
parameter = 0.4
SEVNtracks.MIST_AGB 0.7 - 150 1.4E-5-0.045 [ \1Ees ) (made with

*Some specific metallicities have Mzams up to 600 Msun

23



Mzams (initial mass)

Interpolation

Stellar evolution through interpolation of precomputed stellar tracks

24

SSE mostly depends on initial Mass, Mzams, and metallicity Z (fraction of non

H/He elements

Each couple of Mzams,Z identifies a stellar track in the tables
Stellar tracks contain the temporal evolution of stellar parameters (e.g. Mass,

Radius etc.)

If (Mzams,Z) not in the tables interpolate using four interpolating tracks
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Interpolation
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