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• Astronomy is often a data-starved science

• We can measure part of the spectrum of light emitted 

from complex environments, seen from a single 

viewing angle, at a single point in time.

• To interpret those data, we usually rely on fitting to a 

physical model to fill in the gaps and determine the 

underlying physics.

•  For interpreting any group of stars, galaxy or 

statistical sample of galaxies, this often means 

population and spectral synthesis.
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Population & Spectral Synthesis
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Binaries in the Universe

“Mind your P’s and Q’s”

Moe & di Stefano (2017)
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“The Close Binary Fraction of Solar-type Stars 

Is Strongly Anticorrelated with Metallicity”

Moe et al (2019)

Most stars are not isolated!
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Rapid vs Detailed Stellar Models

• Detailed Models:

– Structure equations solved iteratively 

at every time step and depth in star

– Slow, but accurate

• Rapid Models:

– A small grid of detailed models used 

to derive analytic approximations to 

evolution

– Less accurate, but much faster

– Most based on Hurley et al (2000, 2002)

MESA, BPASS

BSE, SSE



Elizabeth Stanway –  Crete, April 2025

Stellar Spectral Libraries

6 Byrne et al.

F igu r e 1. Port ions of hot (20,000 K , upper panel), int ermediate (10,000 K , middle panel) and cool (3,500 K , lower panel) st ellar spect ra

wit h a total metallicity mass fract ion of Z = 0.01 and a surface gravity of log(g/ cm s− 2 ) = 4.5 from each spect ral library aft er t he

normalisat ion procedures have been carried out and the spect ra have been resampled at a fixed 1 Å resolut ion. T he two uppermost panels

show the near-ult raviolet and opt ical spect rum, while the lower panel shows the opt ical and near-infrared.

The same bolomet ric normalisat ion procedure was applied

to the ↵-enhanced libraries, using the [↵ / Fe]= 0 CKC14 as

the reference spect ra. While this is not an ideal match, in

the absence of full (1-100000Å) ↵-enhanced spect ra, this was

deemed the most appropriate choice of normalisat ion, as the

overall flux in the covered wavelength ranges is similar to the

[↵/ Fe] case for the same stellar parameters.

3.3 Combin ing Populat ion and Spect r al Synt hesis

Having const ructed standardised libraries of stellar spect ra,

each one was used to produce bpass spect ral synthesis out -

puts, for each of the bpass metallicit ies which are within

the range of the metallicity of the original spect ral libraries.

bpass spect ral synthesis outputs were also calculated for an

↵-enhancement of 0.4 dex for the spect ral libraries where this

was a possibility, namely the AP, C3K, Coelho and sMILES

libraries. Aside from the varying spect ral library, each calcu-

lat ion uses the fixed fiducial set of bpass input parameters

MNRAS 000, 1-19 (2023)

Different stellar spectral 

libraries would assign 

different spectra to the 

same evolution model.

Empirical vs Theoretical?

LTE vs Non-LTE?

See e.g. Byrne et al (2022, 2023)
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The Ionizing Spectrum of Hot Stars

… can only be inferred 

indirectly, or modelled 

theoretically

Significant differences 

between models (e.g. 

CMFGEN vs WMBASIC) 

which are nominally the 

same temperature and 

gravity
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Binary Parameter Distributions
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Binary pop synth needs input 

distributions in binary fraction, 

period and mass ratio – these 

are all fixed empirically

e.g. Moe & di Stefano (2017), 

ongoing work from BLOeM team

Stanway et al (2020a)
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Initial Mass Functions
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(See e.g. Stanway et al 2019)

What is the true slope?

(will affect ionizing fluxes)
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Initial Mass Functions

Mass (Msun)

0.08 1 10 100

What about 

very massive 

stars?

(See e.g. Stanway et al 2019)

(will affect ionizing fluxes)

L
o

g
 (

N
u

m
b

e
r 

o
f 
S

ta
rs

)



Elizabeth Stanway –  Crete, April 2025

Initial Mass Functions
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Is the IMF 

sampled 

stochastically?

(will affect ionizing fluxes)

(See e.g. Stanway et al 2024)
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Initial Mass Functions

Mass (Msun)
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What about 

low mass 

stars?

(will affect mass estimates)

(See e.g. Smith, ARA&A, 2020)
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Initial Mass Functions

(2024)
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Initial Mass Functions

30 Doradus

Schneider et al (2018)

Bekki & Tsujimoto (2023) 

GN-z11

”Top Heavy” IMF discussions e.g. 

Katz et al (2022), Izotov et al (2023),  
Guo et al (2024), Eales et al (2024), 
Cameron et al (2024), Hutter et al (2025)
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Initial Mass Functions
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Initial Mass Functions
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Full SED Modelling

Combining SSPs with:

 

• star formation history

• metallicity history

• nebular gas 

• dust absorption and 

emission

produces a full synthetic 

spectral energy 

distribution (SED)

(image: Conroy 2014)
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Nebular Gas and Dust

To fit real stellar populations gas and dust must 

also be considered

absorbs away blue light, produces nebular continuum 

and line emission (gas), far infrared emission (dust)

  Key parameters: gas density (ne), ionizing spectrum, 

gas composition, ionization parameter (nion per gas 

particle), dust extinction curve(k), dust emission 

curve)

Specialist radiative transfer codes (e.g. Cloudy) must be used
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Questions to Ask

So, you’re using an SSP? You should ask 

what it’s using for:

• Stellar evolution models

• Stellar atmosphere models

• Initial mass function and model mass range

• Initial composition/metallicity

• Binary parameters

• Nebular gas or dust assumptions
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Any Questions?

Contact email: e.r.stanway@warwick.ac.uk
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