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The binary population synthesis (BPS) pipeline

Binaries may form isolated, from higher-order multiples, from dynamical capture...

Initial conditions

B. Saxton, NRAO/AUI/NSF
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No step 1s free of uncertainty
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So we have to treat one problem at a time.

Initial conditions

B. Saxton, NRAO/AUI/NSF

o [MF,
e Orbital
parameters,

e Binary fraction,
e Environment.

Evolutionary models Selection effects

Cosmic Explorer

Impact of massive binary star and cosmic evolution
on gravitational wave observations I: black hole—

neutron star mergers @

Floor S Broekgaarden ™, Edo Berger, Coenraad J Neijssel, Alejandro Vigna-Gémez,
Debatri Chattopadhyay, Simon Stevenson, Martyna Chruslinska, Stephen Justham,
Selma E de Mink, Ilya Mandel
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The effect of the metallicity-specific star formation

Stable mass transfer, history on double compact object mergers @
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Sebastian M Gaebel, Floor S Broekgaarden, Selma E de Mink, Dorottya Szécsi,
Supemovae remnant serenavinciguerra, llya Mandel

Supernovae kicks
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The 1ssue of “when”’:

Cosmic Explorer

tlookback (Gyl") A

+13.3

+13.3

Coalescence times can be comparable to
the age of the Universe.

History of the Universe

o -

&

NASA

Did the progenitors of the oldest mergers
form as local stars do? What is different?



A hot button 1ssue from star formation: is the IMF universal?

The Salpeter (1955) IMF and its descendants: firm,
but not without challenges.
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e The usual choices for synthesis.




A hot button 1ssue from star formation: is the IMF universal?
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In summary...
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Synthesizing a Composite Binary Population
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e Galaxies: star mass-weighted sampling, 10° < M, /Mg < 102

e Systems: all masses from a single list, without repetition,
0.8 < m/Mg < 150,




Mass distributions over redshift

Effects of a non-universal IMF and binary parameter

@MP/ AR correlations on compact binary mergers
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Merger rates over redshift
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e Selection effects in the future.

Results from a preliminary sample,

Source  Local merger rate (yr—! Gpc™?)
BBH BHNS BNS

This work 432 124 63
GWTC-3 16—-130 7.4 —320 13— 1900

at the time missing
e Higher-order multiples
e Higher (z,Z) resolution

We are now running the 10x10 z,Z sample, a total of ~10"8 binaries.
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A hot button 1ssue from star formation: is the IMF universal?

The Salpeter (1955) IMF and its descendants:

firm, but not without challenges.
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e The usual choices for synthesis.

Theoretical challenges are old (Jeans mass,
fragmentation...). Observational support is recent.
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A hot button 1ssue from star formation: is the IMF universal?

e  Alternative: Integrated galaxy-wide IMF theory (IGIMF) (Kroupa & Weidner, 2003)
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Star-forming mass and galaxy properties

Chruslinska & Nelemans (2019), Chruslinska+ (2020)
Average star mass, SFR and metallicity empirical distributions up to z=10.

Galaxy stellar mass function Star formation-mass relation Mass-metallicity relation
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Orbital parameters R
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Computing the binary fraction requires allowing for higher-order multiples.

max — 4

Companion number distribution for n,
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my; =0.8M g, (np)=0.50
my =8.0M ¢, (ne,) = 1.41
my =20.0M 4, (ne,) = 1.88
my =40.0M ¢, (ne,) = 2.36
my =80.0M ¢, (nep) = 2.93
my =150.0M ¢, (nep) = 3.54

We can account for all companion masses, but only evolve inner binaries.
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