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◎ Equation is expressed in terms of light fractions

F(λ)/F(λ0)  = Ʃj xj Bj(λ) 10-0.4Aλ ⨂ G(v★,σ★)
 

1. What is population synthesis?

Population Synthesis

Light fractions of stellar populations 
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2. FADO
Fitting Analysis using Differential evolution Optimization 
Gomes & Papaderos 2017 (A&A 603, 63) 

- Next generation of population synthesis codes: motivated 
by Porto3D IFU post-processing pipeline & RemoveYoung 

- Multi-objective mathematical programming: several 
conflicting objectives might be introduced in the 
formulation of an optimization problem (e.g., 
photometric bands, emission-lines, among others) 

- Pareto optimal solutions 

Population Synthesis
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2. FADO
- Genetic optimization + Artificial Intelligence schemes 

- Based on 3 main features:                                         
Breeding, Mutation and Selection Represented by 
Chromosomes, Biological inspiration. Ideal for multi-
objective programming 

- Differential evolution is a method that optimizes a problem 
by iteratively trying to improve a candidate solution 

- Chromosome convergence test for Pareto optimal solutions 

Population Synthesis
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Fitting Analysis using Differential evolution Optimization 

                                                              Genes: Parameters 
                                                                     Chromosome: Solution/Fit 
                                                                     Population: Ensemble of Fits 

Crossover 

Mutation 

2. FADO

Population Synthesis
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2.1. FADO in a nutshell

Population Synthesis

1- Computation and inclusion of the nebular continuum to the best-
fitting SED; 

2- PV that self-consistently accounts for the observed line luminosities and 
EWs (v.1 Balmer-line luminosities); 

3- On-the-fly determination of the physical conditions in the ionized gas 
and determination/storage of emission-line fluxes, and their 
uncertainties; 

4- Automatically pre-classification of the input spectrum and on-the-fly 
optimization of the spectral fitting strategy using Artificial Intelligence 
(AI) techniques; 

5- Computation and storage of uncertainties for all primary (e.g., PV, 
extinction, kinematics) and secondary products (e.g., mean stellar age 
and metallicity) from the spectral fit.
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2.2. FADO pipeline

α 

Step 1


Pre-
Processing

Population Synthesis

Single pipeline for analysis and having the data products 

CORE routines of FADO

Step2
DEO Fitting

Step 3

Data 

Products
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Population Synthesis
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Population Synthesis

Ψ

Step2

Fitting/Core
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Population Synthesis

ω

Step 3


Data Products
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2.3. FADO comparison 
       with purely stellar models
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Population Synthesis
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3. FADO applications



3.1. CGCG 007-025a
Example from SDSS: Extremely gas contaminated system - BCD

Population Synthesis
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Gomes & Papaderos 2017



Population Synthesis

Example from SDSS: Extremely gas contaminated system - BCD
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3.1. CGCG 007-025a



Population Synthesis

Output example from SDSS: Gas contaminated system - BCD
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3.1. CGCG 007-025a



Population Synthesis

ne([SII])  (cm−3) < 260
Te([OIII]) (104 K) ~ 1.34 ± 0.02

Green Pea example from Amorín et al. 2012

z = 0.283
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3.2. GP 004054



Population Synthesis

Green Pea example from Amorín et al. 2012
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3.2. GP 004054



Population Synthesis

Green Pea example from Amorín et al. 2012
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3.2. GP 004054



Green Pea example from Amorín et al. 2012

Population Synthesis
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3.2. GP 004054



3.2 CALIFA MRK 35 / HARO 3
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Preliminary results 

An article to be presented in 
Gomes & Papaderos in prep.



INTEGRATED spectrum from CALIFA
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Mrk 35
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HST 
V BAND 500s
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HST 
V BAND 500s

Non-cospatiality 
between 
stars and gas

26                                                  FADO - Jean Michel Gomes@Cambridge, September 21, 2017



Simple Test 
0.1" per pixel crossmatched astrometrically precision 0.1-0.15”

~6490-6590 Å
Cont. CALIFA
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REGION 1
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REGION 2
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REGION 3



Purely stellar fitting biases
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Summarizing - Comparison
REGION 1

EW~345 Å
Te = 9248K
ne = 114 cm-3

log M☆ = 8.741
log M☆ = 8.098

<t☆>L = 3.27
<t☆>L = 0.43

<t☆>M = 11.43
<t☆>M = 1.438

REGION 3

EW~120Å
Te = 10000K
ne = 40 cm-3

log M☆ = 7.558
log M☆ = 6.969

<t☆>L = 3.41
<t☆>L = 0.52

<t☆>M = 13.66
<t☆>M = 1.173

REGION 2

EW~188Å
Te = 9519K
ne = 52 cm-3

log M☆ = 8.048
log M☆ = 7.652

<t☆>L = 4.28
<t☆>L = 0.89

<t☆>M = 11.35
<t☆>M = 3.738

Integrated

EW~120Å
Te = 10000K
ne = 70 cm-3

log M☆ = 9.968
log M☆ = 9.679

<t☆>L = 4.19
<t☆>L = 2.18

<t☆>M = 10.49
<t☆>M = 7.525



4. Final Remarks
Fitting Analysis using Differential evolution Optimization 
                                        
- Examples representative of the peak of the cosmic SFR; 

- Non-cospatiallity shown in IFU data for MRK 35, care with self-
consistent modeling; 

- Predicted overestimation of the stellar masses confirmed on real 
data when using purely stellar models (MRK 35); 

- Overestimation of the mean stellar ages when using purely stellar 
models; 
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Population Synthesis

M
as

s
A

ge
 L

A
ge

 M
M

et
 L

M
et

 M
EW

 %

O
U

TP
U

T 
- I

N
PU

T
   Mass 
~0.1 dex

   Age L 
~0.1 dex

  Age M 
~0.2 dex

   Met L 
~0.1 dex

  Met M 
~0.2 dex

    EW % 
 ~ 10  %

36                                                  FADO - Jean Michel Gomes@Cambridge, September 21, 2017


