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What is Populaton Synthesis
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What is Populaton Synthesis
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Justifcaton: Data and Big Data
● Now: Gaia/ESO, Kepler, 

SDSS (APOGEE etc)

● Now/soon: 
– Gaia

– BHBH mergers etc.

● Soon: 
– LSST, TESS, SKA, LISA ...

(Graph is not necessarily to scale)
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Stellar Accountancy

Let’s count stars!
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Stellar Accountancy

N is the number of stars you are countng
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Stellar Accountancy

Evolve stars from t=0 to t
max

      Star formaton rate is S(t)
            Ofen choose S=1 then calculate ratos: S cancels!
                  (~ removes one important source of systematc error)
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Fixed 
S(t)=S

Milky Way
Chiappini+ (1997)

Other
galaxies
(Dolphin+2005)

Star formaton 
rate S(t)
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Stellar Accountancy

At tme t evolve a grid of n systems with 0<i<n
     Each is weighted by functon y
          Inital mass functon, or q, P, e distributons
              Could be S S S S S S … 



IMBASE 2017 – Robert Izzard 13

Single stars : vary M

Inital mass / 4¯

5 15 25 35 45 55 65 75 85 955

Uncertaintes: talks of Salaris, Langer, many others
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Inital primary mass M1

Inital secondary mass M2

Inital orbit (period or separaton)
 Binary-star
Parameter

Space

At least 3D!

+ tdes,mass loss,accreton,polluton,comenv,discs,jeets,
novae,supernovae,kicks,grav.radiaton,mergers, etc.
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Stellar Accountancy

Star evolves for as long as it must:  t
max 

- t
Stellar codes work in tmesteps Dt

          we sum over those required
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Stellar Accountancy

d is a functon which is 
1 if in the evolutonary phase of interest
0 otherwise

Must be evaluated at each tmestep Dt
binary_c has >200 such functons

 → REQURIES SINGLE / BINARY STELLAR EV. CODE ← 
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N → Number/event counts

            Sana et al. 2012 (Science 337,444)
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N → Distributons of objects



IMBASE 2017 – Robert Izzard 19Zapartas et al. (2017)

N → 2+D distributons: parameter study
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Computaton tme

● Single stars: y(M) 

N x 1 hour = N hours = 10 hours with N=10

● Binary stars: y(M1 x M2 x P)

N x N x N x 2 hours = 2N3 hours = 2000 hours

                       An expensive problem! 

● Especially for rare channels which need large N (>100)
● Or difcult channels e.g. TPAGB stars, explosions
● Need to be smart about this!
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What about (binary) stellar 
evoluton codes?
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● Use traditonal (Henyey) code

– STARS (+family), BEC, BINSTAR, Brussels, 4ESA, Geneva(?), 
Benvenuto’s code etc. 

– Beware: likely to require human interventon, will crash

– Cannot model some phases, e.g.,

Common envelope

(super)novae

jets

STARS code
backup server
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● STARS family, Brussels, BEC, BINSTAR, MESA, ...
● Usually 1D + 1D + binary interacton terms

● “Accurate”, well-tested
– Few approximatons required.

– (Except 1D, 4LT+, dW/dm, [no]B-feld, d4/dt, tsurf...)

– Physics (very) detailed and fexible

● “Slow”: typically hours – days
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● Use traditonal (Henyey) code
– STARS (+family), BEC, BINSTAR, PNS(bxl), 4ESA, Geneva...

● Ofoad ~detached (“well-understood”) stellar evoluton

“Synthetcc stellar evoluton codes

Code summary: De 4arco & Izzard (2017) Table 2
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Example: Zero-age main sequence



IMBASE 2017 – Robert Izzard 26

Example: Zero-age main sequence
● SSE/BSE library → Eggleton, Fitchet, Tout 1989,         

                                 Pols+ 1998, Hurley et al.2000, 2002

“Simple” formulae : fast to calculate. 
Can also use table lookup (faster?).
>106 tmes faster than a detailed code.
Stable (at least compared to a real stellar code) but infexible.
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● Traditonal (Henyey) code
– STARS (+family), BEC, BINSTAR, PNS(bxl), 4ESA, Geneva, etc.

● Ofoad ~ detached (“well-understood”) stellar evoluton

“Synthetcc stellar evoluton codes

– SSE/BSE based: binary_c (Izzard), startrack (Belczynski), biseps 
(Kolb), Seba (Nelemans,Toonen) (SSE++), CO4PAS, etc.

– Others: Ibis (Tutukov), Scenario machine (Lipunov)
Code summary: De Marco & Izzard (2017, arXiv 1611.03542) Table 2
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● Traditonal (Henyey) code
– STARS (+family), BEC, BINSTAR, PNS(bxl), 4ESA, Geneva, etc.

● Ofoad ~ detached (“well-understood”) stellar evoluton

“Synthetc” stellar evoluton codes
– SSE/BSE based: binary_c (Izzard), startrack (Belczynski), biseps 

(Kolb), Seba (Nelemans,Toonen) (SSE++), CO4PAS, etc.

– Others: Ibis (Tutukov), Scenario machine (Lipunov)

● Hybrid codes

– BSE + NBODY6 (Aarseth, Hurley) also 4OCCA (Giersz)

– BSE + STARS (Church)

– BSE + 4ESA (Chen+ 2014)

Code summary: De 4arco & Izzard (2017) Table 2
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Pros … and cons

+ Parameter space tractable: error bars

+ Stable, fast, easily fxed

+ Resoluton: 1,000,000 stars easily. 

– Systematcs: Only as good as your input model set (fxed!) 

   your binary algorithm and input distributons:

– Requires “non-canonical” treatment

Of grid models e.g. helium stars, mergers, non-thermal-eq.

– Hard to deal with thermal-tmescale mass transfer

– Lose (most) internal structure informaton
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Only as good as your input models

BSE STARS

Z=0.02 ZA4SUsually: No rotaton(al mixing), extra mixing, 
magnetc ifelds, etc.
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Binary
Interacton

especially 
Common
Envelope
Evoluton

Is ofen
not well 
modelled

in 
→ ALL ←

codes
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Models vs observatons
● … which is the best ?

Castro-Rodriguez et al. (2014)
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Given L, Tef and g, what is M?

Best model ift:
Torres et al. (2010) V3903 Sgr A:

htp://www.astro.uni-bonn.de/stars/bonnsai/
    Schneider et al. (2014)

Bayesian methods
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Bayes for populatons

Stevenson+ (2017)

BHBH mergers → 
Preferred populaton 
parameters based on Bayseian 
likelihoods / posteriors.

The way forward!
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Systematcs: POPCORN tests

Toonen+ (2014)

binary_c
vs

SeBa
vs

StarTrack
vs

Brussels
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Parameter space blobs

x

y

x

y

x

y

x

y

Z=0.001 Z=0.005 Z=0.01

Blue could be: CH stars – lots at Z=0.001; none at Z=0.02

4any blobs are red: they change litle with the parameter
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Example: parameter space of NS-NS merger rates
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Example: CEMP stars, observed CEMP/EMP=10-20%

4odels: Lucatello+ 2005 20% if top-heavy IMF
                Izzard+ 2009 2.3% → fails 
                Pols+ 2012 but this makes NE4P stars! (very rare)
                Izzard+2009,Abate+201x: low M DUP+WRLOF → 15% ?

Yields: Karakas, Lugaro, Latanzio
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Binary Popsyn in The News!



IMBASE 2017 – Robert Izzard 40



IMBASE 2017 – Robert Izzard 41

Runaways from the LMC ?

Boubert et al. (2017) MNRAS/arXiv 1704.01373

binary_c + GADGET3  → 4W + L4C model
v

LMC 
= 378km/s  
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LMC runaways

Douglas Boubert
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Observed
B-type 

Unbound 
Hypervelocity

Stars

Boubert et al. (2017) arXiv 1704.01373

"These stars have just jumped from an express train - no wonder they're fast," said co-
author Rob Izzard, a Rutherford fellow at the Insttute of Astronomy. "This also 
explains their positon in the sky, because the fastest runaways are ejected along the 
orbit of the L4C towards the constellatons of Leo and Sextans." (various news sources)
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It must be true if it’s in the Daily Mail… 
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A Nice 
Preview

Disc 4ass
10-3 4sun

Disc lifetme
104-5 years

Post-AGB discs
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Time 

Yet, we are lucky.
The evoluton of humans is
far more difcult to model.
Predictons are very difcult!

Example: Toutus cambridgensus
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Time 

Yet, we are lucky.
The evoluton of humans is
far more difcult to model.
Predictons are very difcult!

Example: Toutus cambridgensus???

=
?
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Time 

Yet, we are lucky.
The evoluton of humans is
far more difcult to model.
Predictons are very difcult!

Example: Toutus cambridgensus ???
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Conclusions
Binary populaton synthesis Is a valuable tool.
Can solve many problems!
Yet many remain.
                (common envelope, etc.)
It can contribute greatly to solving them!
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