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binary population and spectral syntheS|s

Developed to study a broad range of astrophysical systems in the

Universe:
stars, supernovae, clusters, galaxies, compact remnant mergers

Ethos:

1) “Yes there are uncertainties but let's take our best guess, no
tuning, and see if we can be less wrong than single star
populations”.

2) “Be the theoretical equivalent of multi-messenger
observations, make one model of stars in the Universe and
observe in every way possible”.

BPASS.AUCKLAND.AC.NZ

Version 1.1 based on 15,000 detailed stellar models.
Eldridge et al. (2008, 2011), Eldridge & Stanway (2009, 2012)

Version 2.2 based on 250,000 models DETAILED binary models,
Z=0.00001 to 0.040, binaries from 0.1 to 300M,



binary population and spectral syntheS|s

The main papers:

» Stanway, Eldridge & Becker (16) — Reionization v2.0

* Eldridge & Stanway (16) — GW events

* Bray & Eldridge (16,18) — Supernova kicks

* Eldridge, Stanway et al. (17) — Instrument paper v2.1 Kiwi

* Xiao, Stanway & Eldridge (18,19) — Hll regions

» Stanway & Eldridge (18) — Old populations v2.2 Tuatara

* Eldridge, Stanway & Tang (19) — GW & EM transients

* Eldridge, Tang, Bray & Stanway (18) — Chirp mass distribution of GW events
* Eldridge, Xiao et al. (18) — CURVEPOPS 1

« Stanway & Eldridge (19) — IMF and ionizing photons

* Eldridge & Xiao (19) — NGC 6946 distance & progenitors

* Eldridge, Guo, Rodriguez et al. (under revision) — CURVEPOPS 2

* Coming soon: X-ray binaries, GW+SFH, RSG age estimates, more... | need more time....

Note: each new version is an “improvement” on the previous one and we are beginning to
implement rigorous testing procedures.



The evolution of single stars....



A few of the binary evolutionary
pathways that must be included

Key point: a new stellar type — helium stars — occurs, at masses intermediate
to Wolf-Rayet and sdB/sdO stars (see also Gotberg et al., 2017; 2018).
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Binaries cause more
hydrogen-free supernovae and
at the same time more
can we see this in galaxies?
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What happens when we attempt
to observed stellar
populations at
with single star or
populations?
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Warning: [O/H] # [Fe/H] — stars care about the latter not the former.
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We haven’t looked at .
or yet but
from the location of sites on the
BPT diagrams they come from
SO more
massive stars.
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We can take our detailed model outputs, put
them into SNEC and them!
(Morozova et al., 2015)

Then type those and see if we can reproduce
the expected observations in nature...

Supernova LightCURVE POPulation Synthesis
Eldridge et al. (2018, ).
Note: here only vary structure, constant

explosion energy and nickel mass. Also
models only up to end of carbon burning.



Type Il SN lightcurves
from single stars....
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Type 11 SN lightcruves from
interacting binaries
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CURVEPOPS 1
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Table 2 Reference and Free Fitted Parameters

Initial Mass / Mg

SN Fit Morozova Davies & This 5Ni Mass / 1073 Mg  log(Explosion  %6Ni Mixing
Name Quality Smartt Maund et al Beasor Work Literature This Work Energy / ergs) parameter, X
SN2003gd A 71:116 5-14 - 5.4%&6 14% 15%;' [3] m.n%-‘% 5:1?5;]3-;%3 0.9 3
SN2004A A 13%3 710 - 127108 167 4671 [4] 31615 50.51075 0.5+0.5
SN200det B 12 £3 1742 16.51;?? 10.7%@,%% 20795 60 + 20 [5] 31.6%{;'?’%-.5 50.75+0.13 05203
SN2005¢cs  C 811 7.9+05 95Ipz 71igr 80405 357 5] 32053 50.25+0.13 015573
SN2006my C 1073 - ~ 139729 9511 30+15 [5] 1777852 5075113, 0.1+9:9
SN2008bk B 12+3 1108 - S.Stg;g 10.0*595 7+1 [6] 10.0%33 50.00+0.13 u.gtﬁ-_%
SN2009md B 9t3 1341 - 8.0rlY 80405 5+1 [7] 3.2F% 50.00+0.13 0.9%
SN2012A A 10133 -~ 95783 S.Gtéfg 12495 1144 H 3.21%{3 50.50+0.13 n.gtﬁfi
SN2012aw B 13+2 13541 2077  13.0%30 14%). 56+13 [9] 5627137  50.75+0.13 0.5+0.3
SN2012c A  16+5 16-27 105772 16.8%11%F 18+2 30410 [10] 17.8%37, 50.50+0.13 0.540.5
SN2013¢j B 1073 14+1.5 13¥5° 98%)% 147 204+2 [11] 100490 51.00+0.13 0.9%51
Note:

1) we learnt yesterday there are degeneracies here but |

believe in stellar evolution - and using same stellar models

that have been tested against many other observations.

2) SN2004et is in NGC6946 and the distance is bigger than
previously thought.

CURVEPOPS 2
Eldridge et al. (to be resubmitted)



Now lets look at the very big
picture,
through cosmic history...



.. Delay-time distribution

Event rate / events per Mg yr'J
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Delay-tlme dlstrlbutlon

Cosmlc star formatlon
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Delay-tlme dlstrlbutlon

Cosmlc star formatlon
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EM event rates
(supernovae)
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University of Auckland
Marsden Grant PhD
Scholarship in Gravitational
Wave Event Population
Synthesis

A Scholarship to support an international or domestic PhD
student who is undertaking research in gravitational wave
transients.

About the scholarship

Application status: Mo application required

Applicable study: PhD in Astrophysics

Opening date: By nomination

Closing date: By nomination

Tenure: Up to 36 months

For: Assistance with study

Humber on offer: 1

Offer rate: One-off

Value: £27,000pa plus compulsory fees and international health insurance (if

required)

The Scholarship was established in 201g and is funded by a Marsden Grant awarded to an
academic staff member from Department of Physics in the Faculty of Science at the
University of Auckland.



What is our next step for
GW transients?

Host galaxies...



\Scout7...

. - What about
he galaxy...?

Aug 22, 2017 Aug 26, 2017 H Aug 28, 2017
k)

CREDIT: NASA and ESA: A. Levan (U. Warwick),
N. Tanvir (U. Leicester), and A. Fruchter an%. Fox (STScl)
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A reminder - yes we’ve looked at the host galaxies but with

single star populations only..

GW event rate for single stars =0

Levan et al. (2017)



What is the difference between extant models
and BPASS models with old ages?
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Figure 13. Age and metallicity of SDSS quiescent galaxies. The
BPASS v2.2 parameters are based on best fitting MgFke50 vs HS
index (shown in black). These are compared to I'SPS stellar popu-
lation fitting results for the same objects (blue). FSPS histograms
extend to number counts well beyond the plotted area, due to the
narrow range of fitted age and metallicity values in these models.

BPASSv2.2 Stanway & Eldridge (2018)



Final thoughts

The key point | would like you all to take away is that interacting
binary stars change our understanding of stellar populations
when previous studies mostly assume all stars are single.

An example that we should worry about is that all studies of

NGC4993, the host galaxy of G |7 involved using single-star
spectral synthesis models. But the progenitor was a binary
star....

In O3 things are getting interesting... (btw BPASS predicts 1 NSNS
per 10ish BHBH...)

Possibly arranging BPASS school/workshop in:
December in NZ and Mid/late-2020 in UK.
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