
A journey through the amazing new  
world of stellar populations in 2D: 

1st results on galaxy growth from the  CALIFA survey 
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1 – Spectral synthesis w/STARLIGHT 
!! Basics & example results 
 ...a preamble to the main feature: 

 
2 – Galaxy evolution in 2D: CALIFA 
!! PyCASSO & 1st results 
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Conroy 2013 

Forward spectral synthesis 

ASSUME 
Star 

Formation 
History 



Conroy 2013 

Inverse  spectral synthesis 

DERIVE 
Star 

Formation 
History 
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1 – STARLIGHT basics: 
old idea / new skin 

SFH 

! SSPs 

=! M1           + M2           + M3               + ...    

log age [yr] CF 04, 05 
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Decomposing galaxy spectra:        The basics... 

Lgal(")   =  !  MSSP(t,Z)  x  SSP(";t,Z)  x  e-#(") $
$ 

SFH: 
mass or light 

fractions 

! Pop vector 

Spectral Base 
SSPs from 

BC03, Granada, 
Pegase, “CB07”, 

Vazdekis, … 

=! M1           + M2           + M3               + ...    

Observables  
Full spectrum: 

F" 

Dust 
… 

t,Z 
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SFH 

log t [yr] 

SF-galaxies 

! SSP(";t,Z) 
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The M*–Zgas–SFH relation 

the currently 
fashionable 

“Fundamental” 
 M-Z-SFR relation… 

 
Mannucci 10 

Lara López 10 
Yates 12 

… 



The SEAGal team 
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Galaxies 
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Natalia Vale Asari  
(Florianópolis) 

 RCF (Florianópolis) Abilio Mateus  
(Florianópolis) 

Laerte 
 Sodré  

(São Paulo) 

Gra!yna  
Stasi"ska 
(Meudon) 
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Flori-where?  
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Deadline  
=  

TODAY! 
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Fine, but this is all “0D” (integrated spectra)! 
Does size / shape / looks matter?  

 
Can galaxies be treated as point sources? 

What can we learn from F(",x,y) ? 
Is the whole = to the sum of its parts? Is the whole = to the sum of its parts?
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2 – Galaxy evolution in 2D  
The brave new world of spatially 
resolved star formation histories 

Calar Alto Legacy Integral 
Field Area survey 

 
~ 80 members / 13 countries 
"! PI: S. F. Sánchez 
"! PS: C. J. Walcher 
250 dark nights: 
"! PPAK@3.5m CAHA 
"! Full optical wavelength range 
"! ~2000 spectra per galaxy 
 
Sample: 
"!     ~20 galaxies per 1x1 mag   

  bin in the CMD 
"! + diameter selection … 
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R
  [

H
LR

] 

SFR (t,R) 

Enrique Pérez Helena (+ me) Rosa González Delgado 

Rubén 
García-Benito 

Sebastián F. Sánchez Bernd Husemann 

André  
Amorim 

Rafael 
López 
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Natalia 
 Vale Asari 

Clara Cortijo 

log t [yr] 
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Output spectra corrected for: 
•! redshift 
•! Galactic extinction 
•! etc … 

STARLIGHT 

CALIFA spectral cube spatial binning 

The PyCASSO pipeline 
Python CAlifa Starlight Synthesis Organizer 

M* , v* ,%*,  AV, 
<age>, <Z*>, SFH, ... 
as a function of (x,y) !! 

binning
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+ 
Spectral masks 
Bad pixel flags 

Correlated errors 
Calibration issues 

... 

Spatial masks 

Voronoi zones 
(“segmentation maps”) 

PyCASSO: Some “technical details” 

S/N ~ 20 
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    Spectral cubes: 
•! Data 
•! Fit:  stellar “continuum” 
•! Residual:  gas 

 
# Useful for emission line work… 

PyCASSO: spectral products 

… … 

[OII] 

H&  [SII]$

H'  [OIII]$



Example spectral fits: Nucleus and @ R = 1 HLR 

# Spectral residuals of 1 – 4%. 
# Fits are as good/bad as for SDSS spectra… 
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READ
Starlight 
output

Mages
Dict[Z,

t]

Mage
bins[t]

!Z

Mages_cube[t,y,x] =
 zone(y,x) x

Magebins[t] / area(zone)

Mcen[zone,t] =
 zone(y,x) x

Magebins[t] / area(zone)

L(x,y,t)  !
M(x,y,t)!
Z(x,y,t) 

R.A.

de
c.

log(
t)

READ
Starlight 
outputoutput

Mages
Dict[Dict[Dict[Dict[ZZZ,

tt]

Mage
bins[bins[bins[bins[ttt]]

!Z

Mages_cube[Mages_cube[tttt,t,tyyyyyy,yyy,y,y xxx] =] =
 zone( zone( zone( zone( zone(yyyyy,yyy,y,y xxx) ) ) x

Magebins[Magebins[ttt] / area(zone)] / area(zone)] / area(zone)

Mcen[zone,Mcen[zone,ttt] =] =
 zone( zone( zone(yyyyy,yyy,y,y xxx) ) x

Magebins[Magebins[ttt] / area(zone)] / area(zone)

PyCASSO: SFH products 

!Z

R
ad

iu
s 

 [H
LR

] 

log t [yr] 

log L (t,R) 
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CALIFA 277 
+ 2D maps of AV, mass, mean ages, Zs, kinematics, SFRs … 



All these (and more) for ~ 600 galaxies! 



All these (and more) for ~ 600 galaxies! 
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+ 1D radial & age profiles 

R
 / 

H
LR

 

CALIFA 277 
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+ Mass assembly history in 2D! CALIFA 277 

log age [yr] 



How stellar mass builds up in time 

age Myr 

Massive galaxies already evolved 10Gyr ago  



age Myr 



age Myr 



age Myr 



age Myr 
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Fig. 1.— Stellar mass density in the color-magnitude diagram of galaxies. Absolute mag-

nitude in SDSS r band, Mr, versus SDSS u− r color for the galaxies, where each galaxy is

represented with its present-day distribution of stellar mass density transformed into stars.

All the icons are represented with the same scaling factor. The color code represents the

logarithmic stellar mass surface density in M⊙ pc−2 (assuming a Chabrier IMF). Holes in

some galaxies result from removing foreground stars in our galaxy. The upper horizontal

axis indicates the approximate values of the present day logarithmic stellar mass, obtained

from a linear fit to the Mr–log(M�) relation. The time evolution of the stellar mass build up

of each galaxy in this diagram can be seen in http://www.iaa.es/∼eperez/CALIFA/CMD.

Pérez et al. 2013, ApJL,764, L1 



Galaxies  with M > 1010 Mo  grow inside-out  
The central core is assembled early (z > 2), but their 
envelope continues to assemble (z = 2 – 0) 
 

Now z=2 

Galaxies with 
M ~ 5-7 x 1010 Mo

 

Low mass galaxies 
M < 1010 Mo 

M
as

s 
gr

ow
th

 c
ur

ve
  

log t [yr] 

When and where the mass is assembled ? 
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Light x Mass sizes (WYSI not WYG!) 

¿(AV or (M/L? 
 
!! ~ 5% due to (AV 

!! ~15% due to (M/L 
(age & Z gradients) 

 

a = elliptical 
R = circular 

# Galaxies are ~20% 
more compact in mass 
than in light 
 
Systematic spatial 
variations in AV and/or 
M/L cause the 20% 
difference in radii. 
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The whole x the sum of the parts 
(the meaning of integrated spectra) 

Spatially averaged 
properties match 
those at 1 HLR. 
 
# Effective radii 
are really effective! 

# Galaxy-wide 
spatially averaged 
properties match 
those obtained from 
the integrated 
spectrum!      $ %… 

Averaged x integrated properties 

Averaged x properties @ R = 0.1, 1 & 2 HLR 



Global x local: is SFH driven by M* or µ* ? 

Spaxels. 
(local relation) 

Galaxy-wide values 

log n 

Break at 
 

M* = 7x1010 Mo 
 µ* = 700 Mo/pc2 

  
# Below 700 Mo/pc2 

 µ*
 increases with age  

  (low density & young) 
 
# Above µ*

crit, no 
correlation! 

Note log n scale: 
Lots of spaxels here! 
Mostly @ R ~ 1 HLR 

 
Galaxy-wide values 

match those at 
R~1HLR. spheroids 



Global x local: is SFH driven by M* or µ* ? 
# Fit to galaxy-wide relation  
(or to R~1HLR, it’s the same) 

 
Assuming µ* controls the SFH, the 

fit predicts µ* given the age. 

R/HLR 

Excess µ* removes the local forces 
affecting the SFH. 

$
# )µ* correlates with total mass only 

for central regions of massive galaxies! 
 

SFH is driven by M* in the inner parts 
and by µ* at 1 HLR and beyond. 
(bulge x disk formation mechanisms) 

spheroids 



•! PyCASSO: A powerful tool to digest datacubes 
•! Galaxies grow inside out 
•! Mass builds up faster for more massive galaxies, at any R! 

•! Downsizing = Downsizing(R)  
•! Relative inner-outer age difference peaks @ M* = 7 x 1010 Mo 

•! Theory says this is ~ where AGN and SN (low M) feedback are minimal… 

•! Galaxies are 20% smaller in mass than in light  
•! 3/4 due to (age and 1/4 due to (AV 

•! Spatially averaged and integrated properties correlate very well. Both 

match the properties at R = 1 HLR 
•! Effective radii are more effective than you may have thought! 

•! The local stellar mass density drives the SFH is disks, but in bulge 
dominated systems the total stellar mass is a more fundamental property 

Summary 


