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ﬁﬁ Population Synthesis

1. What is population synthesis?

Equation is expressed in terms of light fractions

Light fractions of stellar populations

POPULATION VECTOR

| MILLIONS
oF

YEARS

AGO

F(N)/F(Ao) = 2% Bj(A) 10044 @ G(Va,0x)

BILLION YEARS AGO
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Fiﬂing Analysis using Differential evolution Optimizaﬁon
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

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

FADO - Jean Michel Gomes@Cambridge, September 21, 2017
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2. FADO

Fiﬂing Analysis using Differential evolution Optimization

Genes: Parameters
Chromosome: Solution/Fit

Chromosome Population: Ensemble of Fits

Population

Crossover 5 16 S B B B R M orfsoring

before mutation AF G H

after mutation A DE CBF G H

Mutation
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2.1. FADO in a nutshell

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
(Al) 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.

FADO - Jean Michel Gomes@Cambridge, September 21, 2017
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2.2. FADO pipeline

Single pipeline for analysis and having the data products

STEP 3

Data
Products

- -~

STEP 1

Pre-
Processing

STEP2

DEO Fitting

- -

S~ —_——

S~a -

CORE routines of FADO
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~F> Population Synthesis

_1 ______ Import of spectra (ascii or FITS)
2 Flux-conserving rebinning N
3 Initial redshift determination (CC o
4 Auto-determination of 1o error spectrum STEP 1 “:
S Initial spectroscopic classification Pre-
------- \ Processing
6 Initial guess for the fitting strateg e
7 Al optimization of the SSP library

S~ e

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



%ﬁ: Population Synthesis
On-the-fly measurement of emission-line
fluxes and EWs — quality check & BPT

diagnostics 1
Determination of gas extinction FIVEL ) _2_{;1_
and physical conditions in the

gas (n_.T,) Standard 2b

Decision tree: fitting strategy & convergence
scheme (CS)
Full / / No Consistenc 3

Multiple population threads Pi — Breeding —

S-[ E P 2 Initial assessment of the fit 4

Fitting/Core Computation of the LyC output fromthe PV 5

Computation of predicted Balmer-line
luminosities & nebular continuum (Case B) 6

Multi-objective optimization & Pareto solution:
stellar + nebular continuum (depending on CS 7

Optimum fit & Computation of uncertainties
_in the individual SSP contributions 8

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

Final measurement of emission-line fluxes & EWs
1 (and uncertainties) and spectral classification

Computation of physical and secondary evolutionary /| \|
2 quantities and errors ( My n_ ; <tyd i <Zy> s etc.) S'[ E P 3 :

Exportation of the relevant output in FITS data cubes & * Data Products /
3  ascii tables

4 Graphical output (EPS)

S~ e

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




~F> Population Synthesis

2.3. FADO comparison
W|th purely stellar models
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3. FADO applications
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3.1. CGCG 007-025a

Example from SDSS: Extremely

FADO © 2018
T

SDSS DR5

ra: 146.008 dec: -0.642
scale: 0.0990
image zoom: 16:1

ec/pix

I

Gomes & Papaderos 2017

F, [erg s~ em™2 87'] x 1.83750x107"®

0.18

-0.16 0

ne = +l70 58 [em™3]

nm( 9767, 118, 000, 1.14)

Te = +15206.08 [K]
T

1 L 1 x 1 1 L " 1 1

3000 4000 5000 6000 7000 8000 9000 10000
Wavelength ()

(thy = +0.004 + 0.0008 [Gyr] (e =+0.019 + 0.0035 [Gyr] Fp™™ = 3.4305x10° + 1.4860x10%
() = +0.898 + 0.0047 [2,] (z)y ~ =-+0.306  0.0021 [3,) Fp,™¢ =8.4356x10° + 3.6046
{log t), = +8.344 + 0.0038 [yr] {log t)y =+8.549 + 0.01886 [yr] Fyue™™ = 8.3780x10" + 6.5808x10"
log {z), =-0.047 + 0.0023 [Z,] log {z)y =—0.514 + 0.0029 [Z,] Fyp™ = 8.61309x10° 2 0.84470
log M = +8.019 & 0.0054 [Mg] log @z = +92.807 + 0.0008 [photons/s] EWg,*™ = 1924.32 + 18.82
log M* = 45881 £ 0.0054 [Mg] log Qg = +92.483 + 0.4141 [photona/a] EWH:’“ = 1022.10 = 046
log M° = +8.336 + 0.1748 [Mg] log Qg = +90.074 + 2.8366 [photons/s] Ewm"" =271.26 + 4.90
log WP, ,qq = +3.090 + 0.1754 [M,] log 2, =+9.368 + 0.0741 [Lg] EWg,™* = 276.90 + 0.05

+5.9438 %

A,

i

‘

5 %
a =i

instituto de astrofisica
e ciéncias do espago

gas contaminated system - BCD

1.000 2.500

log (t [yr])
¥, =+0.86850 + 0.0002 | » = 2737
Ty ~ Ay =+0.57 + 0.00 [mag]
Ty ~ Ay gep = +1.22 = 0.00 [mag]
L =-63.6 % 0.0 [km/s]
Ogre =+924 z 0.0 [km/s]
redshift =+0.0 + 0.0
Distance = +21.8000 [Mpc]

Time = +1643.3520 [3]
log [NIf]/Ha= -1.846 + 0.428
log [OmI]/HE= +0.766 + 0.004

Spectrum : 0268.51630.100.7xt.FADO
Base : Base.BCO3.All (1328)

Mask : NONE

Contig : FADO.config

Range : 3000.0-9500.0 &

Neb. Con. : 1 = 50.85 % | 34,17 %
Leakage : 0 L =000%

Self-Con. : 2-2 = = 1.00 + 0.00
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Example from SDSS: Extremely gas contaminated system - BCD

Te = +165206.08 [X] ne=+170.58 [em™] nm( §7.67 . 1.18, 0.00 , 1.14 ) Pure SF
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3.1. CGCG 007-025a

Output example from SDSS: Gas contaminated system - BCD

i
‘

la L o
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Te [OIII] 4363 HB [OI1I] 4959,5007 Ha ne [SII] 6717,6730
1 r
I [\ A
I [
[
[l ||
j\ | \ | |
B | | ’ _J U
I 4340 I 4360 I 4380 I I 4840 I 4860 I 4880 I I IAI195(I) I I€I>OO(I) I I€I>O5(I) I I6550I I66OOI I6’700 I 6720 I 6740 I 6'?6OI
{th = 4+0.004 + 0.0008 [Gyr] (e = +0.018 + 0.0035 [Gyr] Fjp ™™ = 3.4305x10* + 1.4860x10%
z = +0.898 + 0.0047 [Z z = +0.306 + 0.0021 [Z F = 3.4356x10* + 3.5048
{(z), [Z,] {z)y [Z4] W ¢
{log t), = +8.344 + 0.0036 [yr] {log t), = +6.548 + 0.0186 [yr] Py = 8.3780x10" + 6.5808x10’
log (z), = —0.047 + 0.0023 [Z,] log {(z), =—0.514 + 0.0029 [Z,] Fle™0 = 8.6139x10% + 0.84470
log M = +6.019 + 0.0054 [Mg] log @ = +92.8907 + 0.0002 [photons/s] EWg®™ = 1924.32 + 18.82
log M* = +5.081 + 0.0054 [Mg] log Qg = +902.483 + 0.4141 [photona/a] EWg ™ = 1822.10 = 0.48
log M‘m = +8.336 + 0.1748 )] log Qg = +90.074 + 2.8365 [photons/s] Ewm“‘ = 271.26 + 4.90

log M® ,0g = +3.080 + 0.1754 [M]

17

log £,

= +0.368 + 0.0741 [Lg]
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Green Pea example from Amorin et al. 2012

z =0.283

GP004054
z=0.283

I]I IIII[IIIIlIIIIlIIII
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) kp i ne([SI1]) (cm-3) <260
* T ’ Te([OlNN]) (104 K) ~1.34 £0.02
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Green Pea example from Amorin et al. 2012

FADO © 2016 Te = +12929.62 [K] ne=+112.28 [cm?] m=( 93,53 , 4.55 , 0.00 , 1.93 ) S
T T I T T 0.020 1.000 2.500
[ 28 - ]
® | ]
ok IPE 9
) K20 ]
5| g —
16 =i
)
= Sie ]
2 g ]
N a8 b
X = 4 \ 7
—_ \ § 4
T 0 B L T S |
C,:C L L
c \ [ logty, = 9.105 [yr] ¢ ]
o T \\\ a L ]
A il 10 & -
‘(/1 "h‘ﬂ\(\’\\ % %
o (11 4 ot ]
O, ’|‘ v ‘ ; Bl
[Te} E
~ ol | {m\”’"‘\-\_‘ 0= E
Ry L [

(Ui ] 01 F
o L L L L L L 0.01
3000 4000 5000 6000 7000 8000
Wavelength [&] log (t [yr])
Te [O11T] 4363 Hp [O111] 4959,5007 Ha ne [Sll] 6717,6730 ', = 13.1562 £ 0.0004 | v = 3719
! i ! | | ; ! R
\ . Ty~ Ay =+0.52 £ 0.01 [mag]
| f Ty~ Ay pey = +0.92 £ 0.00 [mag]
| (\ f\ Ve = 12997 + 0.0 [km/s]
i! i Al Oy =4+127.4 + 00 [km/s]
j\ (| I\ I\ redshift  =-0.0000 + 0.0000
— _ J_i, — —_— S NS N Distance = +1460.2000 [Mpc]
. . . . . . . . , , , L Time = +237.2120 [s]
4340 4360 4380 4840 4860 4880 4950 5000 5050 6550 6600 8700 6720 6740 6760

log [NII]/Ho 1.413 £+ 0.193
log [OMI]/HE = +0.779 + 0.002

1)y = +0.366 + 0.0090 [Gyr] (e = +6.047 + 0.5097 [Gyr] - 956 + 1.014 Spectrum : gp4054BR_z0.cxt.FADO
(z), = +0.350 + 0.0219 [Z] (2)y = +0.857 + 0.0600 [Z] 5 + 0.263 Base : Base.BCO3.K (361)

(log t), = +7.643 + 0.0046 [yr] (log 1)y = +9.241 = 0.0477 [yr] 0.404 Mask : NONE

log (z), = -0.456 + 0.0291 [Z,] log (z)y = —0.067 + 0.0289 [Z] 0.071 Config : ./FADO.config

log M® = +9.173 + 0.0194 [M] log @; = +54.076 + 0.0006 [photons/s] 33.88 Range : 2850.0-8450.0 &

log M = +8.924 + 0.0194 [M,] 82 + 0.4948 [photons/s] 1.84 Neb. Con. : 1  x,, = 1265 %
log Mpucp = +8.910 + 0.0461 [My] = +50.860 + 3.7010 [photons/s] 2.78 Leakage : 1 L =000%

log MP .5 = +8.615 + 0.0456 [Mg] log £,, =+6.039 + 0.0015 [Ly] 0.27 Self-Con. : 2 7 =101+ 0.00
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Green Pea example from Amorin et al. 2012

FADO © 2016 Te = +12929.62 [K] ne=+112.28 [cm ] m=( 93.53 , 455 , 0.00 , 1.93 ) SF
—

Fy [erg sV em 2 87'] x 7.59890x107 '8

0.5

3000 4000 5000 6000 /7000 8000

Wavelength [&]
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3.2. GP 004054

Green Pea example from Amorin et al. 2012

la =i
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Te [OIII] 4363 HB [o111] 4959,5007 Ha ne [SII] 6717,6730
T T T T T T T T L L L B L T L L L
| i
| / [
ll A / |
'\ | \ | \
/\ i |\ \
— B B \ o~ — —
L | L | L | L L | L | L | P ST I T TR SO N (N SO T TR SR I N L | L L | L | L | L | L | L
4340 4360 4380 4840 4860 4880 4950 5000 5050 6550 6600 6700 6720 6740 6760
(ty, = +0.366 + 0.0090 [Gyr] Oy = +6.047 + 0.5097 [Gyr] FHa"bS 277.956 + 1.014
(z), = +0.350 + 0.0219 [Z] (Z)y = +0.857 + 0.0600 [Z] FHamOd 280.215 + 0.263
(log t), = +7.643 + 0.0046 [yr] (log 1)y, = +9.241 + 0.0477 [yr] FH;*’S = 77.614 + 0.404
log (z);, = —0.456 + 0.0291 [Zg] log (z),, = —0.067 + 0.0289 [Z] FHﬁmOd = 76.015 + 0.071
log M® = +9.173 + 0.0194 [Mg] log Q; = +54.076 + 0.0006 [photons/s] EWH{X"bS = 913.43 + 33.88
log MP = +8.924 + 0.0194 [Mg] log Qe = +53.582 + 0.4948 [photons/s] EWfom"d = 955.44 + 1.84
log MepAGB = +8.910 + 0.0461 [Mg] log @y = +50.360 + 3.7010 [photons/s] EWHﬁobS = 178.94 + 2.78
log MP_,.p = +8.615 + 0.0456 [Mg] log 2,,, = +6.039 + 0.0015 [Lg] EWHé,mc’d = 186.77 + 0.27
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3.2 CALIFA MRK 35/ HARO 3

SDSS DR12
Ra:161.34338 Dec:55.9603

Scale:0.19806 arcsec/pix
image zoom :4:1

Preliminary results

An article to be presented in

Gomes & Papaderos in prep.

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



INTEGRATED spectrum from CALIFA
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[o11] 3727,3729 Hp [o111] 4959,5007 Ha ne [SII] 6717,6730 § XZV =+2.0316 + 0.0070 ‘ v = 2288
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ S Ty ~Ay,  =+0.0414 % 0.0058 [mag]
! "s T 1y~ Ay = +02711 £ 0.0021 [mag]
| | 0 L =-33.3 + 0.3 [km/s]
i | < sys
| I <4 o =+157.5 + 0.2 [km/s]
A | sys
/\ , | | [\ redshift =~ =+3.1822x107° + 3.0685x107°>
— _JU AN — S Distance = +18.5000 [Mpc]
I I I I I I I I I I I I I Time =+119.1138 [s]
3700 3720 3740 4840 4860 4880 4950 5000 5050 6550 6600 6700 6720 6740 6760 log [NH]/H(X: —0.976 + 0.098
log [OIII]/H@= +0.468 + 0.007
(ty, = +2.188 + 0.0592 [Gyr] o = +7.525 + 0.1195 [Gyr] F 2™ = 2.5194x10* & 1.2437x10% Spectrum : NGC3353_CALIFA.txt.FADO
(z), = +0.215 + 0.0055 [Z] (2)y = +0.238 + 0.0049 [Zg] Fy, ™ = 2.5253x10* + 1.5698x10" Base Base.BC03.S (150)
(log t), = +B.392 % 0.0076 [yr] (log t), = +9.682 + 0.0109 [yr] Fpp®™ = 8.2499x10° + 1.2071x10% Mask NONE
log (z), = -0.667 % 0.0107 [Z] log (z), =—0.623 + 0.0088 [Zg] P = 8.1556%10° + 5.1524 Config FADO.config
log M® = +9.415 % 0.0046 [M] log @ = +92.989 = 0.0024 [photons/s] EWg,°% = 12341 + 061 Range 4000.0-7100.0 &
log M* = +9.134 + 0.0046 [M log Q. = +92.265 + 0.7388 [photons/s EW, ™ = 123.70 + 0.08 Neb. Con. 1 x ,=271%]237%
© Hel Ho neb
log M®,ycp = +9.384 + 0.0072 [M,] log @y, = +89.677 + 3.2285 [photons/s] EW,,°™ = 28.83 + 0.43 Leakage 0 L =000%
log MP .5 = +9.094 = 0.0066 [M] log £,, =+13.707 = 0.0023 [Ly] EWg, ™% = 28.50 + 0.05 Seli~Con. : 2-2 7 = 1.00 + 0.00

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




2.86

1 | | | | | | | | T | |
Mrk 35 2 kpc
— logEW(Ha) 1/4 MOONS aperture @ z=0.95
2.5

Q.

o ~
o <
£ T
n g
o

© 213 B
3 [
Q oNn
o =
o

(%]

0

£

3 1.77

1.4

24

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



HST
V BAND 500s

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



HST
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25

Non-cospatiality
213 between
stars and gas

arcsec
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Simple Test

0.1" per pixel crossmatched astrometrically precision 0.1-0.15”

3 1 ~6490-6590 A
n | Cont. CALIFA

S 0 -5
arcsec

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



LI

Mkn 35

— logEW(Ha)

Gomes & Papaderos in prep.
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F, [erg s7' em™ &7"] x 7.95330x107'°

REGION 1
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Summarizing - Comparison

REGION 1

EW~345 A
Te — 9248K
Ne = 114 cm3

log My, = 8.741
log My, = 8.098

<ty > =3.27
<tx>_ =0.43

<tsx>m=11.43
<tx>m=1.438

REGION 2

EW~188A
Te - 951 9K
Ne = 52 cm-3

log My, = 8.048
log My, = 7.652

<tx>L =4.28
<ty%>L=0.89

<t«>m=11.35
<tx>m=3.738

REGION 3

EW~120A
Te = 10000K
Ne = 40 cm3

log My = 7.558
log My, = 6.969

<ty>L = 3.41
<ty>_=0.52

<tv>Mm= 13.66
<tsx>m=1.173

Integrated

EW~120A
T = 10000K
Ne = 70 cm3

log My, = 9.968
log My, =9.679

<tx>L=4.19
<tx>L.=2.18

<tx>m=10.49
<tsx>m=7.525

Purely stellar fitting biases

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




1 a =i

instituto de astrofisica

4. Final Remarks

Fiﬂing 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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~F> Population Synthesis
Y(t) = Constant ; Z = 1 Zg
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