A journey through the amazing new

world of stellar populations in 2D:
18t results on galaxy growth from the CALIFA survey




1 — Spectral synthesis wW/STARLIGHT

» Basics & example results

...a preamble to the main feature:

logiM _ pc “]

2 — Galaxy evolution in 2D: CALIFA
» PyCASSO & 1stresults
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Forward spectral synthesis

IMF Isochrones Stellar Spectra
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Inverse spectral synthesis

IMF Isochrones Stellar Spectra
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Decomposing galaxy spectra: The basics...

L) = ZQMggp(tZDx SSP(Ait,2) x e

(W4
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Observables SFH: Spectral Base
mass or light SSPs from

fractions BCO03, Granada,

Pegase, “CB07”,
= Pop vector J |
Vazdekis, ...

Full spectrum:
Fk
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Fine, but this is all “OD” (integrated spectra)!

Does size / shape / looks matter?

Can galaxies be treated as point sources?
What can we learn from F(A,x,y) ?

L " Is the whole = to the sum of its parts?




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
Pl: S. F. Sanchez
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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The PyCASSO pipeline

Python CAlifa Starlight Synthesis Organizer

M., v« ,0x, Ay,
<age>, <Z.>, SFH, ...

as a function of (x,y) !!

Output spectra corrected for:
* redshift
« Galactic extinction
e efc...




PyCASSO: Some “technical details”

Voronoi zones
(“segmentation maps”)

Spatial masks

o +
Spectral masks
Bad pixel flags

Correlated errors

Calibration issues




Spectral cubes:

« Data

 Fit: stellar “continuum”
 Residual: gas

= Useful for emission line work...




Example spectral fits: Nucleus and @ R =1 HLR
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=>» Spectral residuals of 1 — 4%.

=» Fits are as good/bad as for SDSS spectra...




PyCASSO: SFH products
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Resolving galaxies in time and space: I:
Applying STARLIGHT to CALIFA datacubes
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CALIFA 277
+ 2D maps of A, mass, mean ages, Zs, kinematics, SFRs ...
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All these (and more) for ~ 600 galaxies!

CALIFA Survey
Fil




All these (and more) for ~ 600 galaxies!

CALIFA Survey
10

<age>, |




Resolving galaxies in time and space: I:
Applying STARLIGHT to CALIFA datacubes
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+ 1D radial & age profiles CALIFA 277
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Resolving galaxies in time and space: I:
Applying STARLIGHT to CALIFA datacubes
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+ Mass assembly history in 2D! CALIFA 277
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Massive galaxies already evolved 10Gyr ago























































THE EVOLUTION OF GALAXIES RESOLVED IN SPACE AND TIME: AN INSIDE-OUT GROWTH
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When and where the mass is assembled ?

Galaxies with
~ 57 x 1010 M,

Low mass galaxies
M< 10" M,
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Galaxies with M > 1010 M, grow inside-out
The central core is assembled early (z > 2), but their
envelope continues to assemble (z =2 - 0)







The star formation history of CALIFA galaxies: Radial structures
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(a) log Lxseas [Le/A/pc?]

Light x Mass sizes (WYSI  WYG!)

a = elliptical

=» Galaxies are ~20% )
R = circular

more compact in mass
than in light

Systematic spatial

variations in A,, and/or
" M/L cause the 20%

(©) s oii (Lo/2/>- | A difference in radii.
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¢ VA, or VM/L?

» ~ 5% due to VA,

» ~15% due to VM/L
(age & Z gradients)

—0.4 0.0 v (log age ),
v log M /L5




log M, (M©®) integrated

The whole x the sum of the parts

(the meaning of integrated spectra)

X integrated properties

=» Galaxy-wide
spatially averaged
properties match
those obtained from
the integrated
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Spatially averaged
properties match
those at 1 HLR.

=>» Effective radii
are really effective!



Global x local: is SFH driven by M. or u. ?

T

Note log n scale:
9.2-10.2 -
s 510 PE M, (Mo) Ay e Lots of spaxels here!

10.6-10.8 8 2. ¥ oo 8% S0 | Mostly @ R ~ 1 HLR
10.8-11.0 . P

Galaxy-wide values
match those at
R~1HLR.

Break at

M. = 7x1010 M,
w. = 700 M, /pc?

1 al® o

2
Spaxels. -I Galaxy-wide values = Below 700 M/pe
(local relation w- increases with age
| , (low density < young)

7/ 9 110 =» Above w.ct no
<10g age >L (yr) correlationlt |




Global x local: is SFH driven by M. or u. ?

Excess u. removes the local forces

=>» Fit to galaxy-wide relation affecting the SFH.

(or to R~1HLR, it's the same)

=> Au.- correlates with total mass only

Assuming w. controls the SFH, the . . .
for central regions of massive galaxies!

fit predicts u. given the age.

SFH is driven by M. in the inner parts

92102 1, M (N@) Gt and by w. at 1 HLR and beyond.
e (bulge x disk formation mechanisms)
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- 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 100 M,

« 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 Vage and 1/4 due to VA,

- 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




